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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 
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Data Sheets 


on 


Heating and Ventilation 


COMPILED BY 
The Heating and Ventilating Magazine 
1123 Broadway 
NEW YORK 


These data sheets are part of a series being published each month by 
Tur Heatinc AND VENTILATING MaGaAzIne. Following their publication they 
are reprinted separately and may be had at 5 cents each. Special binders for 
preserving the sheets as published may be obtained for $1.50, postpaid. See 
Tur HEATING AND VENTILATING MAGAZINE for complete index of Gata sheets 
published. 
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B. T. U. Losses for Various Types of 
Construction 


In the computation of heating requirements for buildings the 
first requisite is to ascertain the maximum probable heat loss per 
hour under extreme weather conditions. To a great extent the 
finer graduations in such calculations may be safely avoided, but 
for those who may desire to be absolutely correct the following 
tables have been prepared giving the heat loss co-efficient for 1 
sq. ft. per degree F. per hour and also the calculating factors for 
a temperature difference from 35° to 80° F. for each co-efficient. 
The figures given in the tables are based on the practice of the 
German government, the United States government, as well as 
on tthe practice of several well-known American Engineers. 

In the modern building refinements of the wall factor are not 
usually of great moment, owing to the larger proportion of glass 
surface now being used and the relatively greater heat loss of the 
glass. Therefore, care in computing the window and door areas, 
the window factor, and the allowance for exposure and leakage 
are the more essential items. 

It is often the case, however, where combinations of con- 
struction are encountered, either in materials or in the combined 
thicknesses, that even approximate factors are not available; in 
such cases the factor may be developed if the factor is known of 
each of the two materials in the thicknesses used. The combined 
resistance of the two is then the sum of the resistances of each 
and the resistance is the reciprocal of the transmission factor. 

Thus, if 20-in. brick transmits 16 B.T.U. at. 70° F. difference, 
its resistance is 1/16. And if 12-in. stone at 70° F. difference trans- 
mits 35 B.T.U., its resistance is 1/35. The two combined into a 
wall will have a combined resistance of 1/16 plus 1/35, or 51/560 
and the transmission factor is the reciprocal of the resistance or 
11 B.T.U. per hour. 

With glass and skylight it,is desirable to consider single thick- 
ness in all cases, owing to the fact that the single thickness may 
be substituted by the building contractor without the knowledge 
of the owner, or it may be substituted by the owner to save cost, 
or, even if double thick be installed at first, it may in time become 
broken and be replaced with single-thickness glass. 
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TAE AEATING AND LATING MAGAZINE — 1123 BROADWAV=— N.Y, CITY. 


HEAT LOSS CO-EFFICIENTS (CE). 


(B.T.U. Loss per square foot, per degree F., per hour.), 


Brick WALL 

Thickness in ———_ Temperature Difference, Deg. F.—— 
inches Plain. OS aO A ASI D0) 2) Sohn OOS OS ZO Fo 

4 k : 0.6 34.0 37.4 408 44.2 47. j 
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Plastered 
Two Sides 
4 17.2 
13.2 
10.4 


NOTE—For brick and sandstone see “Combinations” Sheet No. 1-C 
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TAE AEATING AAD VBEATILATING MAGAZINE — 112.3 BROADWAV— Nv. CITY. 


HEAT LOSS CO-EFFICIENTS (CE). 


(B.T.U. Loss per square foot, per degree F., per hour.) 


Stone WaLL 
Thickness in 

Inches. 
Limestone, ——— Temperature Difference, Deg. F. ————— 
Sm AU 4a eon ea 65 70 
19.6 f i y 4 318 34.3 
18.4 L On 29.9" 32:2 
16.4 } ' : 6 26.6 28.7 
14.8 i i 2 240 25.9 
13.2 : } LS. - 21.4) 23:1 
11.6 ; : 18.8 20.3 


CE 
0.49 
0.46 
0.41 
0.37 
0 33 
0.29 


20.0 : 0° 052.94) Sai0 
18.0 } ; (0) 29.2) 131.5 
16.0 i 0 26.0 28.0 
14.4 k 4 9. 6 23.4 25.2 
12.8 ‘ 1 : 2 208 224 
i : ‘ 8 182 19.6 


NOTE—Some authorities use losses for stone of 60% more than brick. 
ConcrRETE WALL 


428 48.1 Boy es) 2 69.5 74.9 80. 
280 31.5 28) 0 45.5 49.0 52. 
20.4 229 ! AS YAS HONS Coils ne dlguart ts 
17.2 19.3 : ; eS) 27:94 304) |" 32: 
144 162 98 234) 25.2) 27 


5. T. U.-STONE AND CONCRETE | NO. 1-B | 
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TE fAGATING AND VENTILATING MAGAZINE — 112.3 BROADWAY N.¥ CITY. 
HEAT LOSS CO-EFFICIENTS (CE). 


(B.T.U. loss per square foot, per degree F., per hour.) 
CONCRETE AND 


SANDSTONE a 
WALL ¥ 

Thickness in m—— Temperature Difference, Deg. F. ———— 
Inehes, Plain) CE) 635: 40 45> 50. 55.760. 65.70 75, -80 
12 OAS 15:0 ASO 20:2) 229) oda CHO eo.2 31,598 3:7) 30.0 
16 O30, 136 2156171715 195, | 20-423.45225.3 927.3. 29.2 3:2 
20 035), 12.20'14.00 1S)7, 137.5. e192 21.0), 22:7 124.5" 20.2" 28.0 
24 0.31 10.8 124 13:9 15.5 17.0 186 20.1 21.7 232 248 
28 0.28 98 11.2 126 140 15.4 168 182 196 21.0 224 
32 0.26 91 104 11.7 13.0 143 15.6 169 182 19.5 208 


BricK AND 
SANDSTONE 
WALL 
4-in. Br. and 
4-in. Ss. OST 108 3 12.48 13:91 9S l7.0 7 18.6% 208 2.7 cede. eee 
4-in. Br. and 
8-in, Ss. O20 TO tee 116" 13.0). 14,55 15-9 17.40 8.8) (20:3) 2037) 23.2 
4-in. Br. and 
12-in. Ss. 26.0,°9)1 10:4) 11.7. 13.0,,.14.3:0/15.6),, 16.9).18.2) 19.5. 20.8 
8-in. Br. and 
4-in. Ss. OZE feo: o- Fan CLO toe te tt O.21) 14.3% \Lo.4,  LO.DL a neO 


8-in. Br. and 
CPus-in: Ss: 0.20 7.0 80 9.0 100 11.0 12.0 130 14.0 15.0 16.0 
8-in. Br. and 

12-in. Ss. OLD 6Gi. -7onnsom  S513104 A423) 133) 1420 115:2 
12-in. Br. and > 


4-in. Ss. 


SER 
16-in. Br. and 
8-in. Ss. 0.20 70 80 9.0 10.0 110 120 13.0 140 15.0 160 
16-in. Br. and 


4-in. Ss. O17 95.9 68:0 76> 85 (9:5) 962) 11.6) 11.9): 12:7 13.6 
24-in. Br. and 

8-in. Ss. 0.16 56 64 72 80 88 96 104 H.2 120 128 
24-in. Br. and 

12-in. Ss. OTA 4:9 SGU Ge FONT 2 oe, OW NOB") TOS Tee 
28-in. Br. and 

4-in. Ss. 016° 56 64 72 86 88 9.6:-104))11.2) 12.0128 
28-in. Br. and 

8-in. Ss. O14 4S" 565563 7.00 77 840 OP. 9:8°10:5. 112 
28-in. Br. and 
12-in. Ss. OS 4S 5-2 5.8 GS Ze sore SA Sn OF 10.4 


B. T. U.-COMBINATIONS. PNO. 1-c | 
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AEATING AND VENTILATING MAGAZINE — 1123 FSROA DWAV — NN CUTY, 


HEAT LOSS CO-EFFICIENTS (CE). 


(B.T.U. LOSS PER SQUARE FOOT, PER DEGREE F., 
PER HOUR). 


TERRA COTTA OR 
Tire WALLS 
7————— Temperature Difference, Deg. F. 
35): 40) 45)" <.50 Sy GO O50. 1370 
Thickness in 
Inches. Tile, 


TILE, STUCCO 
AND PLASTER 


B. T. U.—TILE NO. 1—D | 
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TAE AEATING AND VENTILATING MAGAZINE — Hi23 FBROA DWAV — NM CUT nc 


HEAT LOSS CO-EFFICIENTS (CE). 


(B.T.U. Loss per square. foot, per degree F., per hour.) 


FRAME 
WALLs oF— 
7-————_ Temperature Difference, Deg. F. 
Chemicon, t40n: 45ers SOS SS 60. W Oo ZO un 25 
Studs covered 
as follows: 
l side L. & P. 0.60 21.0 24.0 27.0 30.0 33.0 .0 39.0 420 45.0 
2 sides L. & P. 0.34 11.9 13.6 15.3 17.0 18.7 A 2223/85 25:5 
1 side Clap- 
boards 0.47 164 188 21.1 23.5 258 nes) SOD G2;9)! | BHI 
side Clap- 
boards and 1 
b&b. 0.44 15.4 17.6 822,00 24.2 4 286 308 
side Paper 
and Clap- 
boards 0.34 11.9 13.6 ay TAO 4 221 23.8 
side Paper 
and Clap- 
boards and 1 
L. and P. 0.31 10.8 12.4 OW. 1555 
side Clap- 
boards and 
Sheathing 0.30 10.5 12.0 oat: 
side Clap- 
boards and 
Sheathing and 
1L.andP 027 94 108 
_ side Clap- 
boards and 
Sheathing 
and Paper 0.26 9.1 104 11.7 130 
side as above 
and 1 side L. 
and P, 
Clapboards 
Brick Lined 
and P, 0.22 7.7 88 99 110 


NOTE—L indicates lath and P, plaster. 


0.23 80 92 103 11.5 


fB. T. U. FRAME CONSTRUCTION 
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TAE AEATING AAD VENTILATING MAGAZINE — 1123 BROADWAY— NY CITY. 


HEAT LOSS CO-EFFICIENTS (CE). 


(B.T.U. Loss per square foot, per-degree F., per hour.) 


GLass 
Temperature Difference, Deg. F. ———— 
CEar Sole 40,6450) 690) no9n" 00.) 65e).. 700. 75))) 80 
Windows— 


wake 1.00 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0 75.0 80.0 
indows— 

Double-Thick 0.62 21.7 248 27.9 31.0 34.1 37.2 40.3 43.4 465 49.6 
Windows— 

gene 0.56 196 224 25.2 280 308 336 364 39.2 420 448 
ight— 

Sk ee 116 406 464 522 580 638 69.6 75.4 81.2 87.0 928 
ylight— 

Double 0.48. 16.8 19.2 216 24.0 264 288 31.2 336 36.0 384 


Doors Sathe as single-thickness glass. 


PARTITIONS 
Wire Lath and 

Cement 

Plaster 114 in.- 

2% in. thick 0.61 21.3 24.4 27.4 
Ditto, 3 in.- 

3% in. thick 0.49 17.1 19.6 22.0 
Corrugated Iron, 

Unlined 0.84 29.4 33.6 378 


| B. T U—CLASS, SKYLIGHT AND MISC. | NO. 1—F | 
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TAE AEATING AND VEy LATING PAAG AZINE — 1123 BROADWAY = N.Y, CITY. 


HEAT LOSS CO-EFFICIENTS (CE). 
(B.T.U. loss per square foot, per degree F., pér hour.) 


CEILINGS — Temperature Difference, Deg. F. 
Lath and CEA SSeeh OL aSernsOey S59" GO 65) FO ue 80 
Plaster only 0.62 21.7 24.8 27.9 31.0 34.1 37.2 40.3 43.4 46.5 49.6 
Fire proof 
floor as ceil- 
ing 0.20 70 80 9.0 100 11.0 12.0 13.0 140 15.0 16.0 
Also see “Floors” 
FLoors 

Dirt 0:23) S00 92) 10.3) TS 126138) 14.9) 16.0) 017.2") 18:4 
Wood on 

ground OHOMars Sat 44S) S:0rn 5:5 6.000 GSI’ 7.0%) 2.500 8.0 
Wood on concrete 

0.10. 35 40 945 5.0 SS GO. iG: 7.0) W750 ee0 
Cement on Tile 0.30 12.0 13.5 15.0 165 180 19.5 21.0 22.5 24.0 
Single Wood ; 

on Joists 0.45 78:0) 20:2), 22:8) '24.7. 327.0729.2) 31.5 33.7.2 3O0 
Double Wood 

on Jo’sts 0.31 8 124 13.9 15.5 17.0 186 20.1 21.7 23.2 248 
Single Wood 

L. and P 

on Joists 0.268 SAA N0.4 VIZ 7130 414.3 815.69 16.9018.2)' 19:55 20:8 
Double Wood 

Evtaad:P: 

on Joists OSE 6d 2. Sly 90 919 10:8" ILA 12.60 13.5 214.4 
Concrete, on 

Brick Arch 0.20 7.0 80 9.0 10.0 11.0 120 13.0 14.0 15.0 16.0 
Wood on 

Brick Arch) 0.15. S20) 6.05 6:7 07.5 4H Si2) 9:0) 9.7 10.5.) 11.2) 12.0 
Dbl. Wood on 

BrickvArch: 0.10)" 3.5. 4.0 45 15.0 55.60" 65. 7.0). 7.5780 


Roors 
Unlined Slate 0.80 28.0 32.0 39 40.0 44.0 48.0 52.0 560 60.0 64.0 
Slate on T. and 

G. Boards 0.30 10.5 12.0 13.5 150 165 180 19.5 | 5 24.0 
Iron on T. and 

eer DOAkG sien Ol Zi Sin iO.Buh 20d Ceo oi ese Ores 11.0 
Unlined Metal 

Roof 1.30 45.5 520 585 65.0 71.5 78.0 84.5 4 5 104.0 
Patent Tar and 

Gravel on 

Tar and 

Gravel Bed 0.30 10.5 12.0 13.5 15.0 165 180 19.5 0 225 24.0 
Tiling 1 in. thick 

0.80 28.0 32.0 36.0 40.0 44.0 48.0 52.0 56.0 60.0 64.0 

6-in. Tile, 2-in. 


Concrete and 
Tar and Gravel Roofing ‘ 
0.36 12.6 S44 16.2 18.0 19.8 216 23.4 25.2 27.0 288 
8-in. tile, 1-in. 
Concrete and 
Tar and Gravel 
Roofing 0.40 140 160 180 20.0 22.0 24.0 26.0 28.0 30.0 32.0 
4-in. Concrete, i 
Cinder Fill "and Tar and Gravel Roofing 
0.60 21.0 24.0 27.0 30.0" 33.0 36.0 39.0 42.0 45.0 48.0 
6-in. Concrete, 
Cinder Fill 
& Tar & Gravel Roofing 
0.54 189° 21.6 243 27.0 29.7 324 35.1 37.8 40.5 43.2 


B. T. U.—CEILING, FLOOR AND ROOF NO. 4-44 
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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


HEAT LOSS TABLES. 


Index of Authorities Quoted. 


A—Average of various authorities used by the Department of Buildings and 
Grounds, University of Pennsylvania. 

B—Alfred R. Wolff. Translation of requirements of the German Govern- 
ment—Journal of the Franklin Institute, Vol. 138, July, 1894, p. 45. 
Also Transactions American Society Heating and Ventilating Engineers, 
Vol. 3, 1897, p. 21. 

C—Recknagel and Reitschel. Values interpolated by Kinealy. See “For- 
mulas and Tables for Heating,” 1899, p. 35. See also THe Heatinc 
AND VENTILATING MacazinE, July, 1915, p. 21. 

D—J. H. Kinealy. Construction used in this ty, but not in Germany. 
“Formulas and Tables for Heating,” 1899, 

E—R. C. Carpenter. Translation from Péclet, tg ating and Ventilation of 
“Buildings.” 1911 (fifth edition). 

F—B. F. Sturtevant Co. Based on Wolft’s figures. Catalogues No. 84 and 
No. 215, “Heating and Ventilation.” (Slight variation from Wolff's 
figures). 

G—Austrian government. Translated by W. W. Macon (Trans. A. S. H. 
V. E., Vol. 14, 1908, p. 37). Also THe Heatinc anp VENTILATING 
MacazineE, February, 1908 and. July, 1915 

ables S. Thompson—“Mechanical Equipment of Feaeral Buildings,” 
191 


H-a—Federal buildings based upon figures of Professor S. Homer 
Woodbridge. 
H-b—Factories or other buildings of inferior construction. 
I—A. M. Greene, Jr., “The Elements of Heating and Ventilation,” 1913. 
pices Forge Co., “Fan Engineering,” 1914. Also Catalogue No. 197, 
K—William G. Snow, “The Principles of Heating,” 1912. Calculated from 
data published by Kinealy in “German Formulas and Tables for 
Heating and Ventilating Work,” (Given for a 70° F. difference and 
when reduced to 1° F. difference do not check with other authorities. 
L—Charles L. Hubbard, “Power—Heating and Ventilation,” Vol. 2, 1914. 
Vaiues given are for most thorough construction. 
For ordinary well-built house, add 20%. 
For fairly good construction, add 20%. 
For poor construction, add 30%. 
M—J. M. Harrison, “Applied Heating and Ventilation,” 1911. 
N—John R. Allen, “Notes on Heating and Ventilating,” 1905. These values 
are based on those of the German government. 
ays D. Hoffman, “Handbook for Heating and Ventilating Engineers,” 


P—Louis A. Harding, “Mechanical Equipment of Buildings,” Vol. 1, 1916, 
“Heating and Ventilation,” p. 59. Also “Design of Blower Heating 
Systems for Factory and Shop Buildings,” 1915. Also “Heat Losses 
by Transmission Through Various Building Materials,” (Trans. A. S. 
H. V. E. Vol. 19, 1913, p. 209.) 

Q—Carlton F. Tweed, Tue Heattnc AND VENTILATING MAGAZINE, July, 
1915. Also Power Plant (Library. 

R—National District Heating Association. restind oh by Professor C. B. 
Veal, Bulletin N. D. H. A., Jan. 15, 1916 

S—Practical Engineer. 

T—American Radiator Co., Ideal Fitter, May, 1916, p. 268. 

U—Frank L. Busey, “Transmission of Heat Through Building Materials,” 
Power, April 21, 1914, p. 574. 

V—Prussian government requirements. Translated by Kinealy from Reck- 
nagel’s “Kalender fiir Gesundheit Teckniker” for 1897, “Tables and 
Formulas for Heating.” 
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HEAT LOSS TABLES. 
Index of Authorities Quoted. 


A—Average of various authorities used by the Department of Buildings and 
Grounds, University of Pennsylvania. 

B—Alfred R. Wolff. Translation of requirements of the German Govern- 
ment—Journal of the Franklin Institute, Vol. 138, July, 1894, p. 45. 
Also Transactions American Society Heating and Ventilating Engineers, 
Vol. 3, 1897, p. 21. 

C—Recknagel and Reitschel. Values interpolated by Kinealy. See “For- 
mulas and Tables for Heating,” 1899, p. 35. See also THe Heatinc 
AND VENTILATING MacazineE, July, 1915, pr Zi: 

D—J. H. Kinealy. Construction used in this tenet but not in Germany. 
“Formulas and Tables for Heating,” 1899, 

E—R. C. Carpenter. Translation from Péclet, ortcating and Ventilation of 
Buildings,” 1911 (fifth edition). 

F—B. F. Sturtevant Co. Based on Wolff’s figures. Catalogues No. 84 and 
bes a “Heating and Ventilation.” (Slight variation from Wolff’s 

gures). 

G—Austrian government. Translated by W. W. Macon (Trans. A. S. H. 
VE Vol. 14, 1908, p. 37). Also THe Heatinc AND VENTILATING 
MAGAZINE, February, 1908 and July, 1915. 

eae S. Thompson—“Mechanical Equipment of Federal Buildings,” 


H-a—Federal pele based upon figures of Professor S$. Homer 
Woodbridge. 

H-b—Factories or other buildings of inferior construction. 

I—A. M. Greene, Jr., “The Elements of Heating and Ventilation,” 1913. 

J-— igh Forge Co., “Fan Engineering,” 1914. Also Catalogue No. 197, 


K—William G. Snow, “The Principles of Heating,” 1912. Calculated from 
data published by Kinealy in “German Formulas and Tables for 
Heating and Ventilating Work,” (Given for a 70° F. difference and 
when reduced to 1° F. difference do not check with other authorities. 

I—Charles L. Hubbard, “Power—Heating and Ventilation,” Vol. 2, 1914. 
Values given are for most thorough construction. 


For ordinary well-built house, add 20%. 
For fairly good construction, add 20%. 
For poor construction, add 30%. 


M—J. M. Harrison, “Applied Heating and Ventilation,” 1911. 

N—John R. Allen, “Notes on Heating and Ventilating,” 1905. These values 
are based on those of the German government. 

O—James D. Hoffman, “Handbook for Heating and Ventilating Engineers,” 
913. 


1 

P—Louis A. Harding, “Mechanical Equipment of Buildings,” Vol. 1, 1916, 
“Heating and Ventilation,” p. 59. Also “Design of Blower Heating 
Systems for Factory and Shop Buildings,” 1915. Also “Heat Losses 
by Transmission Through Various Building Materials,” (Trans. A. S. 
H. V. E. Vol. 19, 1913, p. 209.) 

Q—Carlton F. Tweed, THE HEATING AND VENTILATING MaGAZINE, July, 
1915. Also Power Plant Library. 

R—National District Heating Association. Compiled by Professor C. B. 
Veal, Bulletin N. D. H. A., Jan. 15, 1916. 

S—Practical Engineer. 

T—American Radiator Co., Ideal Fitter, May, 1916, p. 268. 

U—Frank L. Busey, “Transmission of Heat Through Building Materials,” 
Power, April 21, 1914, p. 574 

V—Prussian government requirements. Translated by Kinealy from Reck- 

nagel’s “Kalender fiir Gesundheit Teckniker” for 1897, “Tables and 

Formulas for Heating.” 
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W—TueE HEATING AND VENTILATING MacazIneE, “Standard Heating Data 
Sheets,” February and March, 1917, 

X—James A. Donnelly, “The Establishment of Standard Methods of Pro- 
portioning Direct Radiation and Standard Sizes of Steam and Re- 
turn Mains.” (Trans. A. S. H. V. E., Vol. 21, p. 529). 

Y—Charles F. Hauss, Antwerp, Belgium. To figure heating work accurate- 
ly. Constants obtained from practice of German engineer, Adolph 
Block, of Hamburg. (Trans. A. S. H. V. E., Vol. 10, 1904, p. 114.) 

Z—E. N. Irwin, “Elements of Heating,” Power, Jan. 20, 1914, p. 89. 
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W—Tue HeEatInc AND VENTILATING MacazingE, “Standard Heating Data 
Sheets,” February and March, 1917. 

X—James A. Donnelly, “The Establishment of Standard Methods of Pro- 
portioning Direct Radiation and Standard Sizes of Steam and Re- 
turn Mains.” (Trans. A. S. H. V. E., Vol. 21, p. 529). 

Y—Charles F. Hauss, Antwerp, Belgium. To figure heating work accurate- 
ly. Constants obtained from practice of German engineer, Adolph 
Block, of Hamburg. (Trans. A. S. H. V. E., Vol. 10, 1904, p. 114.) 

Z—E. N. Irwin, “Elements of Heating,” Power, Jan. 20, 1914, p. 89. 
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EXPOSURE. 


The exposure factor is closely allied to the leakage factor in- 
asmuch as the exposure factor usually covers a greater percentage 
than the simple difference in outside air temperature would pro- 
duce. In proof of this it is a generally accepted fact that the 
outside air on the south side of a building will average about 10 
degrees warmer than on the north side during the day. Yet many 
methods of computing radiation involve an increase of 25% to 
33 1/3% for north exposure. 

For well-constructed buildings in locations of only reasonable 
exposure the additional allowance for exposure should be made as 
follows: vente 


Unventilated Rooms. Ventilated Rooms. 
South 0% 10% 
East 10% 20% 
West 10% 20% 
North 15% 25% 


For badly exposed buildings a larger allowance for ex- 
posure should be made as follows: 


Unventilated Rooms. Ventilated Rooms. 
South 10% 20% 
East 20% © 30% 
West 20% 30% 
North 25% 35% 


The reason for allowing a little higher exposure factor in the 
ventilated rooms is that such rooms have no leakage figured (as 
is explained under “Leakage’”’) ‘and, on windy days when the room 
is on the windward side, the cold air may rush in around the win- 
dows to a discomforting degree unless some little additional sur- 
face is provided. 

On the other hand, in an unventilated room leakage for a 
complete change of air every hour is figured and this is sufficient 
to care for all ordinary contingencies. 
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LEAKAGE. 


Leakage is the most variabie quantity with which the designer 
of a heating pliant has to deal. At the time a heating system is 
designed it is to a great extent a gamble on what the final con- 
struction of a building will be, and many contemplated helps to 
the heating of a building may later be abandoned in order to 
cheapen up the cost. Metal sash, weather-strips, double windows, 
etc., may never finally be used. however positively they may at 
first be specified, and too much dependence must not be placed on 
such aids. 

In the ordinary, well-constructed building the figuring of one. 
air chanye per hour for leakage in all unventifated rooms and 
spaces will be entirely sufficient. This has been proven time and 
again in practical experience and, while at certain widely-separated 
times the leakage may exceed this, these periods are of-such short 
duration that there 1s enough leeway on the amount of surface in- 
stalled to carry over such a brief time without any serious dis- 
comfort. 


BTU REQUIRED PER CUBIC FOOT FOR VARIOUS AIR 
CHANGES AND TEMPERATURE RANGES. 
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Note—This table based on | B.T.U. raising 55 cu. 
1°. 

Example: 

A room 14 ft. x 14 ft. x 10 ft. has a radiation loss of 5,000 
B.T.U. and a leakage loss estimated at 1!%4 changes per hour with 
outside air 10° F., and inside temperature of 70° F. This is.a 
temperature rise of 70° — 10° = 60°. 

‘An the table, under 1%,air changes and opposite CO°. is found 
che factor 1.64. The cubic contents, 14+ x 14 x 10 or 1960 cu. ft. x 
1.64 = 3214 B.T.U. for leakage. . 

Total loss = 5000 + 3214 = 8214 B.T.U. 
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TEMPERATURE RANGE 


A building in a given locality is subject to certain environ- 
ments which have much to do in deciding its heating requirements. 

It may be exposed to cold winds and set on a prominent eleva- 
tion or it may be in a sheltered position and protected by hills, 
forests, or other nearby buildings. 

The temperature range in a given locality may be extreme for 
long and continuous periods of time or it may reach an extreme 
but rarely and, then, for a brief interval of hovrs only. 

A locality which goes down to zero only once in two or:three 
years and which has the zero weather last only a half a day or 
Jess can safely be figured for 5° or even 10° above zero. But 
for a locality which goes down to 5° above and then hovers around 
such a temperature for a week or more it would be much wiser 
to figure it at zero. 


LOWEST TEMPERATURES IN THE UNITED STATES. 


Lowest LowEsT 
TEMP. Temp. 
STATE AND Decrees’ \STATE AND DEGREES 
City Faur. City 
Alabama Georg:a 
Birmingham Augusta 
Mobile i Atlanta 
Montgomery Savannah 
Arizona . — Idaho 
Flagstaff Boise 
Phoenix” Lewiston 
Yuma Pocatello 
Arkansas ; Illinois 
Fort Smith ~15 Cuiro 
Little Rock Chicago 
California Springfield 
Fresno Indiana 
Independence Indianapolis 
Los Angeles Evansville 
Sacramento Towa 
San Diego Des Moines 
San Francisco Dubuque 
Colorado Keokuk 
Denver Sioux City 
Grand Junction Kaiisas 
Pueblo Concordia 
Connecticut Ft Dodge 
Hartford Wichita 
New Haven Kentucky 
Southington Louisville 
District of Col. Louisiana 
Washington New Orleans 
Florida Shreveport 
Jackson Maine 
Key West Eastport 
Pensacola Portland 
Tampa Marvland 
Baltimore 
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LOWEST TEMPERATURES IN THE UNITED STATES. 


Lowest 
TEMP. 
STATE AND DEGREES 
City 
Massachusetis 
Boston 
Michigan 
Alpena 
Detroit 
Marquette 
Pt. Huron 
Minnesota 
Duluth 
Minneapolis 
Moorhead 
St. Paul 
Mississippi 
Meridian 
Vicksburg 
Missouri 
Hannibal 
Kansas City 
St. Louis 
Springfield 
Montana 
Havre 
Helena 
Kalispell 
Miles City 
Nebraska 
North Platte 
Lincoln 
Omaha 
Valentine 
Nevada 
Carson City 
New Hampshire 
Concord 
New Jersey 
Atlantic City 
Cape May 
New Mexico 
Roswell 
Santa Fe 
New York 
Albany 
Binghamton 
Buffalo 
New York 
Oswego 
Saranac Lake 
North Carolina 
Charlotte 
Hatteras 
Wilmington 
North Dakota 
Devils Lake: 
Bismarck 
Williston 


STATE AND 
City 
hio 
Cincinnati 
Columbus 
Toledo 
Oklahoma 
Oklahoma 
Oregon 
Baker City 
Portland 
Roseburg 
Pennsylvania 
Erie 
Philadelphia 
Pittsburgh 
Rhode Island 
Providence 
Block Island 
south Carolina 
Charleston 
Columbia 
South Dakota 
Huron 
Pierre 
Yankton 
Tennessee 
Chattanooga 
Knoxville 
Memphis 
Nashville 
Texas 
Amarillo 


Corpus Christi 


El Paso 

Ft. Worth 

Galveston 

San Antonio 
Utah 


Salt Lake City 


Vermont 
Burlington 
Northfield 

Virginia 
Lynchburg 
Norfolk 

Washington 
Seattle 
Spokane 
Walla Walla 

West Virginia 
Elkins 
Parkersburg 

Wisconsin 
La Crosse 
Milwaukee 

Wyoming 
Cheyenne 
Lander 


Lowest Tremp. 
DEGREES 
FARR. 


—17 
— 20 
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PROPER TEMPERATURES FOR VARIOUS ROOMS. 


Rooms. Degrees F. 
ROOTS gg egg ee ag 8 ead 70 to 85 
Boiler Shops d } wy # , Hie ¢ 50 to 60 
Chorehese ese... ‘ P 65 
Cooling Rooms (Bath fyehdesy 
Pnerance Halla) "5 6) sy. 

Factories . 
Foundries . 
Gymnasiums . . 
Homes for Aged 
Hospitals 
Hot Air Baths (Bath Houses) 
Hot Rooms (Bath Houses) . 
Becture’= Halls) Fes. 3 4 
Living Rooms 
Massage Rooms (Bath ages) 
Machine ‘Shops . 9.0. . 
Coca ey JF es8 OOES he a eS 
Operating: Rooms... .« 
Paint Shops . . . . 
Prisons—Day Geieucnien 
Prisons—Night Confinement _ 
Public Buildings . 
Schools zB 
SHOPS A Gk he os aed * 
Sick Rooms 
Steam Baths (Bath Houses) 

f Swimming Halls... . . 

 (Vestibules ...... « enya 
Warm Air Baths (Bath Hibutdes) 


“TEMPERATURE RANGE—Proper Inside Temperatures. 
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DUCTS AND FLUES. 
Computing Heat Losses. 


There is only one method which can produce accurate results in 
the computation of heat losses and that is the B. T. U. system. The 
accuracy of the results attained by using B. T. U. is only limited by the 
accuracy of the designer in computing the areas of his surfaces and the 
correctness of his factors for the given construction. All rules of 
thumb give. approximate results only and these usually for certain 
standard-sized rooms of regular construction. 

Heat will gradually transfer from a warm object to a cold one until 
the temperature of each is the same at which time the interchange of 
heat ceases. Thus a warm room loses heat to a colder one, to the out- 
side air, to the attic, or to any other adjacent space where the tem- 
perature is lower than that maintained in the room. 

A room will also absorb heat from an adjacent apartment if the 
apartment is kept at a higher temperature than the room. For this rea- 
son cold attics over warm rooms are generally figured as being at 40° F. if the 
rooms are 70° and the outside temperature zero. Similarly unheated 
space under a room is generally considered as being at 35° F. under 
similar conditions. 

Thus to get the entire B. T. U. loss for a room all the surfaces separ- 
rating the room from colder conditions must be counted as positive heat 
losses (the exact amount being the area exposed times the heat loss co- 
efficient CE times the difference in temperature between the two 
spaces) and all the surfaces separating the room from warmer spaces 
must be similarly figured as negative losses, the algebraic sum of two 
giving the net radiation loss for southern exposure. 

Outside walls and glass must have the exposure factor figured but 
on inside walls, glass, ceilings and floors it is not necessary to con- 
sider the.exposure factor. 

To the net transmission loss, with the proper increase for ex- 
posure must be added the leakage loss—if the room is unventilated— 
and the total will be the gross loss upon which to base the required 
radiator surface. 

Briefly these may be summarized as follows: 


SUMMARY OF B, T. U. METHOD OF HEAT LOSS CALCULATION. 


1. Compute all wall surfaces exposed to the outside air in one 
direction only. 

2. Compute all the glass and door surface in the same wall. 

3. Subtract the glass and door surface from the gross wall sur- 
face leaving the net wall surface. 

4. Multiply the glass surface by the proper factor for the tem- 
perature difference assumed. 

5. Multiply the net wall surface by its proper factor similarly. 

6. Add the wall and glass loss and increase for exposure as per the 
percentages given on Sheet No. 2. 

7. Follow similar procedure for other outside walls. 

8. Compute inside walls, ceilings, and floors where spaces on the 
other side are at temperatures different from the assumed room tem- 
perature, and multiply by proper factor for each construction and its 
respective temperature difference, making spaces warmer than the room 
negative losses. 

9. Take the algebraic sum of all the losses computed and add leak- 
age loss if room is unventilated. This will be the total B. T. U. loss. 


DUCTS AND FLUES—Computing Heat Losses. 
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COMPUTING HEAT LOSSES. 
Example of Computing by B. T. U. Method. 


Problem: A room 14 ft.x20 ft.x 10 ft. high, with only reasonable 
exposure, is to be heated to 70° F. in zero weather; it has a warm 
cellar below and a cold attic above; the construction is frame and the 
plan as shown herewith. 


; The outside wall area is 
guiside Air (Zero) 20 ft. X 10 ft. = 200 sq. ft. 


30 sq. ft. 


= 170 sq. ft. 


house: loss for clapboards, 

paper, sheathing, lath and plaster for 

— 0°, or 70° temperature difference 

Cold Hall 25” a BT. Us (See Sheet No. 1-E.) 

Loss for glass, single thick, for 70° = 90 B. T. U. (See Sheet No. 1-F.) 


Wall), loss=170 sq. ft: <-16 Bat: Ur =:2720. Bateu, 
Glass loss= 30 sq. ft: X 70 B. T. Us = .2100 B. T. U. 


Sum (for southern exposure) .. = 4820 B.T. U. 


Room is unventilated and has north exposure. Therefore, the ex- 
posure factor (Sheet No. 2) is 15%, or 723 B.T.U. On the inside 
walls, all are warm except the hall wall which is 20 ft. X 10 ft. gross, 
or 200 sq. ft. The door equals 3 ft.X/7 ft, or 21 sq. ft. The net 
wall equals 179 sq. ft. Glass loss for 45° F. (Sheet No. 1-F)=45 

B. T. We teh loss for 45° F., for plastered stud walls (Sheet No. 1-E) 


=a 5 Birk 
Inside “walle loss — 1/9215) ==)' 2039. Be Dae 
Inside glass loss= 21X45 = 945 B.T.U. 


Sum of inside wall losses = 3630 B.T. U. 


As the cellar is warm no loss is figured on the floor, but with a 
cold ceiling (at 40° attic space above the ceiling) the area is 14 
ft. X 20 ft. = 280 sq. ft. and the factor for 35° difference (Sheet No. 
1-G) is 9 B. T. U. = 280 X 9 =2520 B. T. U. 

At one air change the cubic contents of 14 ft.x 20 ft. X 10 ft. = 
2800 cu. ft. which at 70° F. (See Sheet No. 3) = 2800 X 1.27 = 3556 
Bs f.U. for leakage: 

The total B.T.U. loss equals the sum of all the various losses 
computed, or: 


Outside wall and glass 
Exposure 

Inside wall 

Ceiling loss 

Leakage 


15249 Total B. T. U. Loss. 


COMPUTING HEAT ‘LOSSES—B. TU; aaniply of Computation. ] 
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COMPUTING HEAT LOSSES. 


Equivalent Inside Temperature for Direct Radiation. 


The question is often raised as to what temperature would be main- 
tained inside of a building with a direct heating system which would give 
70° F. when it is zero outside or any other arbitrarily assumed tempera- 
tures. Table I covers this matter in an unusually complete form. 

In using*Table I the factor at the bottom of each column is of great 
importance being the number of degrees additional which will be realized 
in the indoor temperature for each degree the outside temperature is 
above the specified temperature. 

Example:—A given job is specified to heat to 70° F. in zero weather 
with 5 lbs. steam on. At time of test it is 20° F. outside (average) and 
steam is at 3 lbs. What will the resultant inside temperature be if the 
apparatus is large enough to fulfill the specified conditions? 

The figures in Table I are the resulting temperatures with the outside 
at zero and the steam pressure varied Thus, in the above case, if the out- 
side were zero and the temperature inside 70° with 5 Ibs. of steam, with 
3 Ibs., by the table, it would be 68.3° F. But with the outside temperature 
20 above the “factor” of 0,692 at the bottom of the column must be multi- 
plied by 20 and this result added to the temperature given by the table. 


Thus :— 0.692 X 20=13.84° correction for outside 20° 
68.30 temperature for corrected steam 
pressure and zero 


82.14° resultant inside temperature 


Table 1. 


Actual Corres- 
Steam ponding Steam Pressure.To Be Used Under Specification, 
Pressure Steam Pressure, Pounds Gauge. 
Under Tempera- 
Test ture 
Vacuum Degrees 
In, F. 


_ 
co 


Bere Pom 00 


C0 NOCm wNrok’ 


10 


Factors for each 

degree outside 

acne pecione ro bin 

iempernvare 0.67 | 0.675! 0.678] 0.684! 0.688) 0.692 0.694| 0.698] 0.702] 0.705} 0.707 


COMPUTING HEAT LOSSES-Equivalent Direct Radiation Temperatures. 
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HEAT LOSSES FOR VENTILATED ROOMS. 


The calculation of heat losses for ventilated rooms involves the omis- 
sion of the leakage losses and the raising of the exposure factors about 
10% as explained in detail on Standard Data Sheet No. 2. Owing to 
the leakage varying between one-half to two air changes per hour (usually 
approximating one air change) and the ventilation running from four to 
twenty air changes per hour (usually approximating six to eight air changes) 
the leakage in ventilating rooms becomes relatively of minor importance. 

In ventilated rooms two conditions may occur: (a) the room may 
be supplied'*with 70° air and all the heat losses made up by direct 
radiation; or, (b), the air may be heated up to whatever degree is neces- 
Sary to make up the heat losses. In the first instance the system is 
what. is known as a combination “direct-indirect system” with the air 
supplied purely for ventilation purposes, while in the second case the 
air is supplied for heating as well as ventilating the system, in this event 
being usually termed a “hot-blast system” of heating. 

‘Suppose the room taken for example in Standard Data Sheet No. 
5-A (May, 1917, issue) is to be ventilated with air at 70° F. so as 
to give ten air changes per hour. What will be the size of direct radiator, 
the number of cubic feet of air per minute, the area of the duct and the 
gross area of the register? 

According to the summary of heat losses presented in Standard Data 
Sheet No. 5-A these losses for a ventilated room will be: 


4820 B. T. U. for outside wall and glass 
1205 B. T. U. for exposure (increased to 25%) 
3630 B. T. U. for inside wall and glass 
2520 B. T. U. for ceiling 
0 B. T. U. for leakage 
12175 B. T. U. for total loss 


The 12,175 B. T. U. may be reduced to direct radiator surface, as outlined in 
Standard Data Sheet No. 13, and the quantity of air per minute may be deter- 
mined by the use of the formula; 


CEE x. C 
—————— = C.F. M. 
60 
When C. F. M. is the cubic feet per minute required. 
Cur is the cubic feet contained in the room. 
is the number of air changes per hour. y 
Then 
2800 x 10 : 
————— = 466 cu. ft. per minute. 
60 
At_a velocity in the entering duct of, say, 400 ft. per minute, the area of the 
duct will be 466/400 = 1.16 sq. ft. and the net area of the register, at 250 ft. 
per minute velocity, will be 466/250 = 1.86 sq. ft., which must be increased 
about 50% to get the gross area 1.86 + (1.86 x .50) = 1.86 + 0.93 = 2.79 


sq. ft. gross area. 
The heat required for this air may be calculated by the use of the formula: 


60 CFM x R 
50 


When B. T. U. is the heat required per hour. 
F M tthe cubic feet of air per minute. 
the rise in temperature in the. air. 


60 x 466 x 70° 
Baal.) WU: = == 991445 Be tur 
50 


This added to the B. T. U. for direct radiation makes a total of 
12175 B. T. U. for direct radiation. 
39144 B. T. U. for ventilation. 


Si Lo) By Tz) U.. total 


Ba Tt. UG 


na 


Then 


COMPUTING HEAT LOSSES—Ventilated Rooms. No. 5-D. 
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Heat Losses in Fan Blast Heating. 
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COMPUTING HEAT LOSSES. 

If the room is to be heated by the air, as well as ventilated, then the 
temperature of the air must be raised sufficiently above 70° so that the 
surplus heat_in the air will be sufficient to make up the radiation losses of 
the room. Uusally 120° to 140° is considered as the practical limits of 
heating the air so that when the temperature of the air would have to 
exceed this it is customary to increase the quantity of air on account of 
the heating requirement: 

Under ordinary conditions the quantity of air required for ventilation 
is more than sufficient to supply the necessary heat and this is found to be 
the case in the example cited, as is later demonstrated. 

The amount of air heated 1° F. by 1 B. T. U. varies slightly at differ- 
ent temperatures and humidities, as is shown in the two right-hand 
columns of the table giving the “Properties of Air” published on Standard 
Data Sheet No. 9. It is quite usual, however, to consider that 50 cu. ft. 
may be raised 1° F. with 1 B. T. U. or that 1 cu. ft. may be raised 50° F. 
by 1 B. T. U. While this is not absolutely correct it is entirely close 
enough for all ordinary work and facilitates the calculations; when greater 
accuracy is desired 55 may be substituted for 50. 

In the room in question (see Data Sheet No. 5-D) it has been deter- 
mined that the heat loss is 

12175 B. T. U. per hour 
and the air per hour is 466 X 60, or 

rt 


27960 c. f. h. 

The increase in air temperature may be calculated from the formula 
yao Oe 

| =———— X 50 
Gee Ei 


When I is the increase in temperature in degrees above the room tem- 
perature and B. T. U. and C. F. H. are the B. T. U. loss and cubic feet of 
air supplied—both per hour. 

When the increase in air temperature must be 


12175 
T= ———_. X 50 = 21° plus, ‘say 22° F. 
27960 


As the room temperature is 70° then the air temperature will be 
70 + 22=92° in order to heat the room. » 


Proofs: During the course of one hour 27,960 cu. ft. of air enter the 
room. Each cubic foot cools from 92° down to 70° (the room tempera- 
ee), or 22°. As each cubic foot would have to cool 50° in order to give 

jo bol Se be U. in cooling 22° it gives up only 22/50 B. T. U. or 0.44 B. T. U. 
27950 Cusine OAS TS. Wi 12,300 B.D U, supplied, “against 12175 
B. T. U. required 


The total quantity of heat is then 
60 X 466 X 92/50= 51200 B. T. U. 
if the air is assumed to be heated from zero. 


COMPUTING HEAT LOSSES—Fan Blast Systems. i No. 5-E. 
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COMPUTING HEAT LOSSES. 


Equivalent Hot Blast Temperatures for Other Temperatures than Zero. 


The temperature that a fan blast system under test should maintain 
when the outside temperature is other than zero may be obtained from the 
formula 


te (t, —t,) Le (t, —t,,) 


when T is the resultant building temperature when the outside temperature 


1S t,; 


t, the guaranteed building temperature at a specitiea outside tem- 
perature (t,,), 

t,, the outside temperature specified, 

t, the temperature of the steam at the pressure stipulated, 


t, the actual outside temperature. 


From this formula Table I has been calculated and shows what tem- 
perature should be reached for any guarantee with any outside tem- 


perature. 


TABLE I. 
Outside Average Indoor Temperature—T Deg. F. 
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COMPUTING HEAT LOSSES—Equivalent Fan Blast Temperatures : No. 5-H. 
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COMPUTING HEAT LOSSES. 
Heating and Ventilation Calculation Sheet. 


In the accompanying heating and ventilation calculation sheet, space is allowed 
for four different exposures and the losses for each wall are placed opposite the 
proper exposures. Space is also provided for the ceiling, and floor, and also four 
lines for any miscellaneous items of losses of a special nature. On the bottom line 
below the theoretical radiator surface can be placed the actual radiation installed, and 
the total radiation for each sheet is placed over in the right-hand corner. ‘These 
sheet totals are carried from sheet to sheet until the floor is completed. When 
starting on a new floor a new total is developed and carried along. On the last sheet 
og ety is Made floor by floor, the grand total being the radiation required for the 
uilding. 


HEATING & VENTILATION CALCULATION SHEETS = 5,4 ‘Zor 
Shee? No 1 
pate_A 2 Mey SNe fy Te 
LOCATION ESTIMATED SY A. 
TEMPERATURE _0° & Jo’ = Yo CHECKED BY____. 


Location oF Losses 
pe ee | 
Descrirtion oF Losses : . T. U. So. Fr. | Factor 


GROSS WALL 
@LASS 

NET WALL | 
TOTAL 
EXPOSURE [5 of 
TOTAL 

| GROSS WALL 
GLASS 

NET WALL | 
TOTAL 
EXPOSURE 
| TOTAL 


GROSS WALL 
GLASS 

NET WALL 
TOTAL 
EXPOSURE 
TOTAL 
GROSS WALL 


GLASS 
NET WALL 
TOTAL 
EXPOSURE 
TOTAL 
ILING OR ROO 
OOR 

1h AIR CHANGE 


MISCELLANEOUS 


GRAND TOTAL B.T.O 


RAD EFFICIECY 


Raotation SurFace 
THEORETICAL 
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PORTABLE UNIT VENTILATORS 


Peerless Unit Ventilators 


In the Peerless unit ventilator, use is made of an _ especially-designed Vento 
radiator. The complete unit, which includes fans and motor, is entirely enclosed 
in a cabinet of furniture steel and finished in olive green. The unit is arranged to 
admit fresh air from out-of-doors, the exact form of fresh-air intake depending, in 
each instance, upon the building construction at the point of application. The fresh 
air is taken in at as high a level as possible to prevent dirt, leaves, etc. from being 
drawn in. As an extra precaution the inlet is covered with a screen or grille. 


The air is circulated by a constant-speed motor, with extended shafts on which 
are mounted two aluminum multiblade fans. hese fans are arranged to operate 
at a speed not exceeding 900 R. P. M. The Vento radiator used is located in the 
heating chamber. There is also a water reservoir in the bottom of the cabinet which 


The Peerless Unit Ventilator. 


acts as a defiector to the incoming air, at the same time removing dust and dirt and 
humidifying the air. The heated and washed air is delivered through an opening in 
the face of the unit and directed towards the ceiling. 

4 


With this system exhaust ventilation is accomplished through the use of an exit 
grille located near the floor through which the used air may pass to a flue or directly 
to the outside of the building. 


Recirculation of air is provided for through a recirculating intake consisting of a 
full-length-hinged door at the top of the unit. A grille is fastened inside the cabinet, 
and painted to match the exterior finish, to prevent foreign matter from entering at 
that point. The fresh-air inlet has louvre dampers so connected with the recirculating 
door at the top of the unit that the opening of one uas a corresponding opposite 
effect upon the other. 


There is also in this unit an additional air-mixing damper, operated by manual or 
automatic control, to provide a wide range of temperature regulation by directing 
the air flow through the radiator or, to the extent desired, through a by-pass. All 
incoming air, however, passes through the unit and over the water in the water-pan. 


The radiator valves are kept open to assure ample steam supply and are provided 
with lock shields and key to prevent tampering. All control of the room temperature 
is obtained with the air-mixing damper. With the damper in the cold position and 


(Continued on Data Sheet No. 6-A) 
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PORTABLE UNIT VENTILATORS 
Peerless Unit Ventilators 
(Continued from Data Sheet No. 6) 


outside air at between 60° and 70° F., the Peerless unit, according to the manu- 
facturer’s guarantee, is able to pass all the air around the radiator in the unit and 
discharge it at a temperature rise not exceeding 5° F 

Automatic control of the air mixer is secured by means of a diaphragm motor 
inside the cabinet, controlling the mixing damper. <A two-point compound thermostat 
operates the damper motor and the valves on the auxiliary direct radiation. 

Sound and vibration-absorbing felt cushions are fitted to the steel platform, on 
which are mounted the motor and fan, to secure noiseless operation. Care has also 
been taken to use direct-current motors so as to eliminate all magnetic motor noises. 


DIRECTIONS FOR LAYING OUT SYSTEM. 


First determine the amount of air required for ventilation, figuring on 30 cu. ft. 
per minute per pupil in the classrooms, and from four to six changes per hour for 
such rooms as assembly halls and gymnasiums. The size of units having been decided 


pad Quereting 
Dempers 
fourred Intet 
Dempers 


Cast tren Grille 


TYPICAL METHOD OF INSTALLING PEERLESS UNIT VENTILATORS, 
WITH AIR INTAKE THROUGH WALL 


on from the above information and from Table 1, the location of the unit and the 
method of making the fresh-air inlet should be determined. oe ; 

To determine the amount of direct radiation required, the radiation is computed 
in the regular way and then the amount shown in the table for the particular unit 
chosen should be deducted. The remainder is the amount that must be added in 
direct radiation. The manufacturers recommend the installation of separate direct 
radiation so that if the electric current should be shut oft and the fan kept out of opera- 
tion the room can still be heated. It is pointed out that the unit itself does not contain 
enough radiation to heat the average-size classroom when the fans are inoperative, 
having about the same usefulness as 75 sq. ft. of direct radiation. , : 

Three methods of venting are suggested. In the first method venting is accom- 
plished through an independent flue, usually located in the cloakroom. This is described 
as the most satisfactory way of venting classrooms. The second method is venting 
through independent flues in the classrooms. In the third method, espeeially where 
buildings have no provision for mechanical ventilation, the venting may be through 
the corridor and into a main vent flue located in the corridor. However, in some 
states this would not meet the legal requirements. Rey te = 

his system is manufactured by the Peerless Unit Ventilation System, 437-439 West 


16th Street, New York. 
(Continued on Data Sheet No. 6-B) 
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PORTABLE UNIT VENTILATORS x 


Peerless Unit Ventilators 
(Continued from Data Sheet No. 6-A) 


SIZES, CAPACITIES AND DIMENSIONS OF PEERLESS HEATING AND 
VENTILATING UNITS 


lock Shield 
re. 


D 
Se Nolet 


P 
SeeMote 5 


The Peerless Unit is made 
in six different sizes as 
shown in the table below: 


, | GENERAL DIMENSIONS 
Unit _Cu. Ft. Final Total e 
; Number | Ait per Min. | Temperature B.t.u. Notes 1 and 2 E 
eI ote 4 Note 4 Note 4 iM B (a D E t 
720 900 72° 77250 33” sig” | 42" 2914" 8° 
124 900 §3° 89600 33" 1814" 46” 3314" 8" 
j 92 1200 74° 10600 42" 18%" 42" 2914" 8” 
924 1200 83° 119500 42” 1814" 46" 3314” 8” 
1120 1500 72° 128700 51” 184" ee 2914" 8” 
1124 1500 80° 144000 ih 1814" 47" 3314"; ae 
z Unit engine ™ RETURN Pre Si s 
ra mm otes 3 and 5 otes 3 and 5 Sizes 1ZO 1Ze 
i Number 2 F. A. Duct |. Wall Box 
; jen (See Hed &3 | K ye R s 
: 720 24" 2%" 74%" | .:834" 434" | 1” | 14%" siz 10x30” 10"x30” 
> 72/ 28” 2" 7% 835" 43ie" | 1" | 136" 35”| | 10"x30" 10"x30” 
5 920 24” | 2h" See 74 834" Byer Sl” |e Ber 31" 10°x40” 10x40" 
924 28” 2%" | Note6 | 7%" 834" Ce el I adi | EX 35” 10"x40” 10x40" 
1120 24" 2" 714" 834" Pp ab 9 Ya edo 5p 31” 10x50” 10°x50” 
1124 28” 2%" 74" 8h 66" of || BF 35” 10x50" 10x50” 


Nore 1.—Dimension D is the minimum and can be increased to suit height of window. 

Nore 2.—Dimension E is the inlet collar on back of unit. Duct connecting to this collar should be 10 inches deep. 

Notre 3.—Dimensions F and J are to bottom of unit. Dimensions to floor will vary with window heights and soe evel 

Note 4,—Final temperature can be increased by cutting down cu. ft. of air per min. This will change total Bituc- -  « 

Norte 5.—Steam connection on right hand side of unit, return connection on left hand side. This can be reversed where 
building conditions render necessary. ~* 

Nore 6.—H-= 2%" + distance from center of el! to center of valve used. 


(Concluded on Data Sheet No, 6-C) 
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Peerless Unit Ventilators 
(Concluded from Data Sheet No. 6-B) 
ENGINEERING DATA ON PEERLESS UNITS 
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PORTABLE UNIT VENTILATORS. 
The Univent. 


A distinguishing feature of the Univent, manufactured by the Herman Nelson 
Corporation, Moline, Ill., is the Univent double radiator which is designed to provide the 
utmost radiating surface in the limited space provided. Another advantage of the double 
radiator is that it makes possible the use of a mixing damper without any reduction in 
space, so that temperature control may be ohtatheds: either, by hand or automatically, 
without interfering with the ventilation. 

When fresh air is to be used, it is admitted into the upper compartment cf the 
Univent through a window cr opening provided in the wall. In this upper compartment 
is a small elecfric motor which operates two centrifugal fans. These fans drive the 
incoming air down the tempering half of the radiator, over a dust-eliminating device 
Iccated in the bottom compartment, then up through the heating side of the radiator and 
out through the front of the unit towards the ceiling. The fresh warm air, it is stated, 
leaves the Univent almost vertically at a velocity oppromixating 1000 ft. per minute, 
depending upon conditions. 


RECIRCULATING DAMPERS 
OCREEN 


CREEN & 
ESH AIR 


AAMPERS 


DOUBLE 
8 RADIATOR 


Dust 
COLLECTING 
CHAMBER 


Fig. 1—Operation of the Univent. 


As the fresh air strikes the ceiling its veloc‘ty is depended upon to cause its 
deflection and diffusion throughout the room. ‘The system provides for a vent register 
or flue, generally nlaced near the floor on the opposite side of the room, depending upon 
certain local conditions. The used air passes to the outside of the building, either 
directly through the flue or through a corridor or attic. 

As shown in Fig. 1 a mixing damper is provided above the radiator for mixing the 
cold and warm air as it leaves the Univent, making it convenient to control the tem- 
perature of the air either by hand or automatically. The Univent is also arranged so that 
the air in the room may be recirculated. This is accomplished by turning the recirculat- 
ne, damper which closes the outdoor inlet and opens the recirculating inlet on top of 
the unit. 

To cbtain noiseless operation all the blades of the fans are stamped from a single 
sheet of copper, aluminum or other non-corroding metal. They are then formed 
around a pair of rims to which they are brazed. The whole fan, including blades and 
rims, is made practically in one piece. In addition, the suspension plate, to which the 


(Continued on Data Sheet No. 6-E). 


PORTABLE UNIT VENTILATORS—Un vent. 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


PORTABLE UNIT VENTILATORS. 


The Univent. 
(Continued from Data Sheet No. 6-D). 


Univent motor and fans are attached, is independently suspended on the radiator, 
so that it does not in any way come in contact with the steel cabinet. 

Special attention is called by the manufacturer to the location of the vent outlets. 
Under average conditions oné outlet is considered sufficient, but at times several 
outlets will be found necessary. Vent outlets that are too large, it is found, sometimes 
interfere with good diffusion. The practice of equipping vent outlets with heat 
coils or other means for extracting the air is not recommended. 

The Univent"is regularly furnished with direct-current motors to provide noise- 
less operation. When alternating current only is available it is recommended that a 
small motor generator be used to convert the alternating current to direct current. 

The Univent is also fitted with a dust eliminator and, if desired, a vapor humidifier 
can be added. The reservoir at the bottom of the cabinet acts as a dust-collecting 
chamber. It can be kept filled with water or glycerine to accomplish this purpose. 


Fig. 2.—Method of Suspending Motor and Fans to 
Prevent Vibration. 


The exact power consumption of the Univents varies with the capacities, but for the 
wiring calculations and the determination of motor generation sizes, the following table 
may be used, as it allows a safe working margin: 


300 series, 1.5 amperes. 
400 series, 2.0 amperes. 
500 series, 2.25 amperes. 


As scated, the air temperature is controlled by the mixing damper. This damper 
is arranged to by-pass air from the upper plenum chamber to the cabinet outlet. The 
arrangement is such that the cold outside air is driven down into the back half 
of the radiator and tempered before being by-passed. 


The figures above the black lines in the. accompanying tables are intended to 
indicate capacities which will insure good diffusion. The first section represents 
low, the second section, medium, and the third section, high outlet velocity machines. 


The figures above the black lines in the accompanying tables are intended to 
indicate capacities which will insure good diffusion. The first section represents 
low, the second section, medium, and the third section, high outlet velocity machines. 


The figures above the black lines. in the. accompanying tables are intended to 
indicate capacities which will insure good diffusion. The first section represents 
low, the second section, medium, and the third section, high outlet velocity machines. 

(Continued on Data Sheet No. 6-F). 
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PORTABLE UNIT VENTILATORS. 


The Univent. 
(Continued from Data Sheet No. 6-E). 
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PORTABLE UNIT VENTILATORS. 


The Univent. 
(Continued from Data Sheet No, 6—G) 
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PORTABLE UNIT VENTILATORS 
The Heatovent 


Characteristic features of the Heatovent, manufactured by the Buckeye Blower Co., 
Columbus, O., are its two low-speed multiblade fans, its special steam pipe-coil radiator 
and the novel design of its steel cabinet. The fan wheels are mounted directly on 
opposite ends of the motor shaft. Air is drawn in from out-of-doors, or may be 
recirculated, if desired. It passes through the pipe-coil heater and is then discharged 
from the cabinet into the room through small louvre openings at the top of the cabinet 
and across the front and ends. ‘The final temperature of the air is regulated by 
a balanced mixing damper in the air intake which directs all or part of the air 
through the heater, allowing the balance to by-pass directly to the fans. Uniform final 
temperature of the air leaving the cabinet is obtained by the mixing of the cold and warm 
air in the fans. 4 

Each Heatovent is provided with a slow-speed 40° C. electric motor, mounted on an 
insulated base on top of the heater structure. A multiblade fan wheel is keyed to 
each end of the motor shaft. By this means all rotating parts are mounted entirely 
independent of the casing. This is done to prevent any magnetic hum from being 
transmitted through the casing. Care is also taken to secure dynamic balance so 
as to prevent vibration. Standard motors are wound for 115 volts, direct current. 
A motor rheostat is used to regulate the speed of the fans. 


LILI 


Type C Heatovent. Type D Heatovent. 
(Continued on Data Sheet No. 6-J) 
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PORTABLE UNIT VENTILATORS 
The Heatovent 
(Continued from Data Sheet No. 6-1) 


Type A Heatovent. Type B Heatovent. 
(Continued on Data Sheet No. 6-K) 
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PORTABLE UNIT VENTILATORS 
The Heatovent 


(Continued from Data Sheet No. 6-J) 
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DIMENSIONS OF TYPE C SERIES DIMENSIONS OF TYPE D SERIES 


Room Temperature 70 degrees Fahr Steam at Zero pounds gauge pressure. 


Entering Air -10 F |EnteringAirZeroF| Entenng Air +10 F | Entenng Air +20 F 


Omit Sq 
Fr Rad 


76 
90 
101 


102 
120 
135 


Soe 


127 
150 
169 


153 
202 |_“_ 150 


* Type D Heatovents only. 


Room Temperature 70 degrees Fahr Steam at five pounds gauge pressure. 


Entering Air -10 F lEnterng Air ZeroF Entering Air +10 F | Entering Air +20F 


Cu Fe. 
ir por min. 


y 
a 
—) 
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*Type D Heatovents only 


Engineering Data on Types C and D Heatovent. 
(Concluded on Data Sheet No. 6-L) 
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PORTABLE UNIT VENTILATORS 


The Heatovent 
(Concluded from Data Sheet No. 6-K) 


Uniformity in size, shape and in the position of the fans in the wheels is secured 
through the process of manufacture, by which the fan wheels are die-formed and 
held in a jig as they are welded into the wheel. Each half wheel is formed 
separately and mounted on the central aluminum disc, as it was found that these 
sett half-length blades make a stronger and more rigid wheel than one continuous 

ade. 

No. 12 and No. 14 gauge stretcher leveled furniture steel is used in the con- 
struction of the Heatovent cabinet. Four types are regularly made, Type C being 


ENGINEERING DATA ON TYPES A AND B HEATOVENT 


Room Temperature 70 degrees Fahr Steam at Zero pounds gauge pressure 


Entering Air -10 F |Entenng Air ZeroF| Entering Air +10 F Entering Air +20 F 


Cond Ibs 

per hour 

Cond Ibs 
hour 


e 
“ 
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n—o 
wr 


Room Temperature 70 degrees Fahr. Steam at 5 pounds gauge pressure 


Cond. Ibs. 
per hour 


Re} 
i} 


designed for installation directly in the room to be ventilated; Type D for basement 
wall installation at the ceiling line to keep the radiator as h'gh above the water-line 
of the boiler as possible, discharging the air horizontally across the ceiling; Type A 
designed to be built in a space adjacent to the room to be ventilated with the access 
door or panel in the rear; and Type B, to be built in a niche in the wall within the 
room to be ventilated with access door or panel in the front. As a general rule, each unit 
is used in connection with direct radiation for heating. Type A is described as 
especially adaptable for old school buildings which were designed with a common 
wardrobe between two classrooms. In such cases the outer end of the wardrobe is 
partitioned off and provided with an outside fresh-air intake. A Heatovent for each 
room is then installed in this space. Both Types A and B introduce the fresh warm 
air into the room through a heat register placed 8 ft. above the floor line at a tem- 
perature above 70° F. and w'th a velocity of 300 ft. per minute, This arrangement 
peepee with the laws in effect in some states requiring fresh air admission at that 
evel. 


PORTABLE UNIT VENTILATORS—The Heatovent (Concluded). 
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VENTILATION. 


Ventilation consists briefly of all the artificial air conditioning 
necessary to maintain the air inside of a building in a condition de- 
sirable for certain purposes (either for breathing or to suit given 
manufacturing processes) and at such standards as may be regarded 
as desirable... 

The most common form of ventilation is that used to furnish 
an air supply (and sometimes an air exhaust) for the occupants of 
a building (without which the interior air would become foul) and 
also for the purpose of removing objectionable odors—such as in 
kitchens, restaurants and toilet rooms. 

In past years the amount of carbonic acid in the air has been 
used to determine the comparative degree of purity even though 
it has been understood that carbonic acid itself is not dangerous. 
This is because pure air seldom contains over 4 parts in 10,000, 
while in air used for breathing purposes the number of parts rises 
rapidly and almost proportionately with the other impurities con- 
tained in exhaled air. Therefore, a statement of the amount of 
carbonic acid present in a given sample of air—a measurement com- 
paratively easy to make—may be taken as indicative of the amount 
of other impurities also. 

Each person gives off about 0.6 cu. ft. of carbonic acid per hour. 
If the fresh air entering a room has 4 parts in 10,000 of carbonic acid 
and the limit in the room is desired to be kept below a certain number 
of parts the number of cubic feet per minute per occupant must be 
not less than as follows: 


Limit of Parts of Carbonic © Cubic Feet of Fresh Air Necessary 
Acid in 10,000 Parts of Air per Minute Per Occupant. 

5 133 

6 67 

ji 44 

8 33 

2 27 

10 P94 

11 19 

12 17 


While these are the theoretical amounts of air required, some 
consideration must be shown for the quantity of air contained in 
the room at the beginning of its occupancy and also the length of 
time the room is occupied. Thus, a church where the services are 
short and the volume of fresh air large at the beginning requires less 
air to ventilate than a moving picture theater running continuously 
for ten hours a day and usually in more or less cramped quarters. 

Sheets Nos. 6-A to 6-E inclusive give the recommended number 
of air changes for various rooms in different types of buildings. 


VENTILATION NO. 7 
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EXHALED AIR AND DIFFUSED BODY HEAT. 


The following table gives the composition of pure air and of respired air: 


Cr 


ee 


78.10 
Carbon Dioxide............. 0.30 to 0.04: 
Water Vapor........ dedseeewe )ileo Cyariable) 


As the respired air is immediately diffused in the air of the room, it 
cannot be directly removed, but only diluted till it ceases to be harmful. 
There is, therefore, no definite standard of purty, and any line drawn 
between good and poor ventilation is arbitrary. Pure air contans 3 to 4 
parts of carbon dioxide in 10,000. With an increase to 11 parts in 10,000, 
the air becomes noticeably oppressive, while an increase of 3 parts or a 
total of 6 to 7 parts is scarcely noticeable. 

The physical principles involved in heating buildings are much more 
complex than is usually supposed, and exhibit an admirable nicety in the 
balancing of forces. We have first of all to consider the heat generated 
by the human body, and the method of its disposal, which are important 
conditions determining the most desirable room temperatures, and in 
densely peopled buildings, largely determining the sesult of vital processes 
dependent in part upon the activity of the individual. 


The following shows the amount of bodily heat diffused: 


B. T. U. PER HOUR 
Chit stnveare Old ta: aia delve. lec) sure anaes 0 
PGE ALETESt oP) jue ie (iat i ditfa ich d > ehh ea emis 


Adult at work . oO), aoe 
Man 30 years old in an atmosphere with a temperatur e 68° F 


° ° 


The same, in atmosphere of 31°F . é Ale ‘i 
Woman 32 years old .. - eh ae 
Adult: imfold age. j5 4 «© @ 6 6 « waplan i's atthe 

The amount of heat in B. T. U. usually assumed as given off per person 
per hour in an atmosphere of 70° F. is 400 for adults and 200 for children. 
These are the figures generally used when the heating effect of the occu- 
pants of assembly halls or auditoriums is taken into account. 

(Burraro Force Co.) 


VENTILATION—Exhaled and Diffused Body Heat No. 7-A. 
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VENTILATION 


Air Required to Dilute Automobile Exhaust Gases to Safe Proportions 
in Air Breathed 


(Car tested under summer conditions unless otherwise stated) : 
Cu. ft. per min. of 


ventilating air per 
Average carbon monoxide car required to di- 
in exhaust gas lute carbon monoxide 
Number to 
of Speed, Cu. ft. per br., 1 part per 10,000 
Cars ¥ miles per per car (at 65° (sate for, indefinite 
Tested Car hour Per cent fahr., 29.92” Hg) period) 


Engine Idling 
5 Car standing 7.3 39.2 6533 
i g 6.3 35.3 5883 
5 71 31.0 5167 
2.4 13:2* 2200° 
8&8 66.4 11070 
6.8 50.5 8417 
Engine Racing 
standing 7h 76.9 12820 
a 137.0 22830 
67.9 11320 
55.8 
158.2 
105.2 


d Level Grade 
36.3 


ao 


verage Load 


ANAAWwwy FEE E 


7 

uf 
4. 
8. 
Zs 
a 
6. 

6. 
"ip 
Zz 
ie 
7 
7 

8. 
7 

7. 
7h 
6: 
6. 
8. 
6. 
6. 
4 


RNNADWONUAWD NDBWOAYS Way 


a 


Full Load and 3% Grade Upward 
3 


HNO BAAD ANO10 00 
POW OeRNWI HOON A 


4. 


Accelerating up 3% Grade with Full Load 
0 to 15 6.5 163.6 
0 to 15 5.4 65.9 


1Types are designated thus: 5P and 7P represent S$ and 7 passenger cars, 144T, 134-3, 
sah and 5T represent trucks of the respective tonnages. 

2 Tested under winter conditions. 

* These averages are undoubtedly too low to represent correctly the type of trucks. All cars 
were tested with carburetors set as submitted by the car owners. These fgur happened to be set 


for lean mixtures. 


(Published by permission of U. S. Bureau of Mines) 
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VENTILATION—Air Required to Dilute Automobile Gases. i No. 7-B 
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AIR CHANGES. 


Churches and Theatres. 


The table below shows the changes of air per hour, or the 
cubic feet per minute (C.F.M.) per occupant, recommended 
for various rooms in theatres, churches, moving picture halls, 
assembly halls, and other places of congregation. 


Churches 
SUPPLY ExHAUST 
Minimum 
Minimum No. 
C.F. M. Per No. of C.F.M. Per of Air 
Room Occupant. Air Changes. Occupant. Changes. 
Auditorium 20 ; 20 er 
Banquet 30 8 30 8 
Coat and Locker none hus 
Sunday School 30 30 es 
Social Rooms 30 8 30 8 
Toilets none none 8 to 10 
Theatres 
Auditorium 30 ier 30 
Lobbies 10 eye 
Retiring Rooms 4 4 
Smoking Rooms 6 10 to 12 | 
Toilets none 8 to 10 
AIR CHANGES—Churches and Theatres. No. 8. 
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AIR CHANGES. 
Hospitals. 


The table below shows the changes of air per hour, or the 
cubic feet per minute (C. F.M.) per occupant, recommended for 
various rooms in hospitals, sanitariums, private hospitals in 
other buildings, and similar apartments used for medical pur- 
poses. 


HOSPITALS 
ROOM SUPPLY EXHAUST 
Minimum Minimum 
C.F.M per Air Changes C.F.M. Per Air Changes 
Occupant. Per Hour. Occupant. Per Hour. 
Anesthesia... .......0. an 8 (with local control) ite 
PEG DEVE Avicls bt se.e c-sie -- 4 Pi 8 to 10 
PREY ole cist is afayece, 625.0 - none o. 10 
m §€©Baths, Toilets, etc..... - none os 12 
Boiler (large)......... -: 10 ar none 
Clothes Storage....... n oa none 6 
Dairy, Meats, etc....... + none 8 
PRN att at cvdinataie 2.6 : .: 4 ae 6 
TDOLIVELYS foils oid goss 60 8 60 8 
TORI Raieie bis nie siete 5% Fr 20 VES 30 8 
Herions NETL a ee oa none o. 8 
EM GMBISAET iets ie VA save, 0. .* none 6 
Drying Closets........ none 20 
Electrotherapeutic..... 6 8 
AL a Sa rae 4 to 6 8 to 10 
Eamiination... oss ss +: 6 ae 6 
Gymnasium........... 30 8 30 8 
Hydrotherapeutic...... -- 6 aie 8 
ise Making. Te a oa none 4 ta 6 
nstrumen re ons es none . 
Bolakegs G2. ao... 30 to. 60 6 30 to 60 6 
WEIECHeN Se ie ois hac ns . 6 to 8 ie 15 
Laboratories. .../.... os 6 a 8 to 10 
Laundry (Small)...... A .. none rc 10 
Laundry (Large)...... + 6 to 8 +. 12 
TEOCRELS amok sa als.0'9.5 6 - none aie 6 to 10 
Machinery.........: 04: + 4 to 6 8 to 10 
poreng Bad Sewing... o8 none is : 
eats, airy) etc... . 5. % .. none ee 
Operating.........-... 100 10 100 10 (See Note A) 
Pantries (Serving)..... .- none .- 12 
Lid AC ee © Cea ¥ 4 Fis 6 
Preparation (Inst.).... os none a 6 
a Dea e c.. Tee atte a 5 oe 8 
ump and Refrigera- 
earache... a mn 4 to 6 4 8 to 10 
a aha! ce a ee os 8 on 8 
efrigeration an 
aes Se Pets Pa antt ss a 4 to 6 .. 8 to 10 
Serving Pantries....... oe none .- 12 
Sewing and Marking... WA none 6 
MSHOBR. | GlGs sn ip'c-s's 3.5.5 are a none 6 
GLAD TINS ot arco aa cite ‘ + 4 , 
Slop Sink Closets...... ae none 12 
Sterilizing Room...... oa 8 12 
Cs hC CRC. Bacenee ae none +. 4 
Toilets, Baths, etc...... she re a 12 
Ui TA are ere es ceca See ona none GE 12 
RRO TPAGE Oia A 64 a etek aie0 30 6 30 6 
Wards (Gen?l) .....n3-.:. ie 30 to 60 6 30 to 60 6 
Wards (Contagious)... 100 10 100 10 
Wash (Doctors)....... ae none ar 8 


Note A—Operating Rooms should have auxiliary top outlet in exhaust system. 


AIR CHANGES—Hospitals. 
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AIR CHANGES. 


Hotels and Libraries. 


The table below shows the changes of air per hour, or the 
cubic feet per minute (C. F. M.) per occupant, as recommended 
by the best authorities, for various rooms in hotels and _ their 
various service departments and in libraries. 


HOTELS 


ROOM EXHAUST 


wn 
(o} 
W 
i) 
mn 
rm 


Ss 


Changes 
Per Hour 
C.F.M. Per 
Occupant 
Minimum 

Change 
Per Hour 


C.F.M. Per 
Occupant 
—> 
coo Air 


Minimum 


oo Air 


ALI ROONES 6 tle sie at te 
manquet tall os i06..5% 
Bathroom (Private) 

Boiler Room (Large) 
BINT factaes ies Cec stats 


Bagine: Large ..csies bi 4 to 6 
, 6 to 8 


Bp ead tities! « 6 to 8 


ockcer ROOM... .i P none 


Pump Room (Large) . os 4 to 6 ie 
PICO DIMES cieie crave s.vh'e.9 079 La none Pe note—see note “A’ 


Molets (OMain) 3... << ae none 
‘oiletse( Private)! ss... “he none 


- WW 
a 


Ce ee) 


LIBRARIES 


Administration Center 

Book Kooms ....:.... 

Galleries, Public ...... 

Galleries, Picture ..... 

Lecture Rooms ....... 

Wocker Rooms «i... 

Lobbies—Large Bldg. 

IEVISEUIT Store siren ee eae 

Reading Rooms ....... 

Stacks (RGone) pak ace ins me none ae 
sLoilet Rooms. cess. os a none ae 10 


Note A—Sleepirg rooms with connecting baths can be ventilated 
through the bath. 


AIR CHANGES—Hotels and Libraries. 
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AIR CHANGES. 
Schools. 


This table shows the changes of air per hour or the cubic 
; i 

feet (C. F. M.) per minute per occupant, as recommended by 

j} the best authorities, for various rooms in schools, institutes, 


colleges, universities, and other educational buildings. 


SCHOOLS 
ROOM SUPPLY 
5 © 
Bi gas 
3 2 § 
as cols 
Ke = uo 
oO ah 
FATIONtOLIUIM | secre neces 20 to 30 8 
BMMISGAT GID Uo wales eons aidieae 6 
hemicalewdsab. 2% «4. «a> 30 6 
Chemical Cabinets none none 
(ESS a A Sr a ge pa 30 6 
MOVIN c SSic ctl ya e'are) oi none none 
eOMEICE CIAL | woe i ele'se +e 30 j ‘ 
OTTIMORS es es oe oo e.k a See Note A 
Domestic Science 30 6 
PAO TT ye ssc sw es eee 30 6 
Dressy Making: © ..:..0% . 30 6 
HOUSE SHOP!) ss cesice c's See Note B 
CEN ci sos < celdree ore 200 c. f. m. per forge 
RWAIIASI UIT. 5: 5, svayela 6 oe 30 
Kitchen for Lunch 
PRN ETL te caters \s Sierers teens 6 to 8 
Kitchen for Cooking 
COTS OE ee lang ie 30 6 
Kitchen (Model) ove 6 
MPU Git wey tere! vuck tac clece % 0 30 8 
ile] See) a ee oe 30 7 
MEGUMI oh. 5 Sib /olavare-s sie none none 
LG ETRE SV Apne Gere “a 6 
Maghine Shop) sou... 30 6 
MOUEM tADALt) sc actress Ae 4 to 6 
Office—General ...... an 6 
Office—Private ....... none none 
Prive labs) sis «6c» 6 
HEC OUMe Wtkernin s+ 2.) « 30 6 
Shower Baths ....... none none 
Swimming Pool ...... Ne 
PL OIetSmPrtaite. « = sak do's none none 
Wa GtODG Saitic.s <6, vers eer none none 
Baek 30 5 


Wood working 


EXHAUST 
D © 
Aye o WS 
a 53,0 
23 E5™ 
OM Bay 
sO am 
30 8 
ae 6 
30 6 
100 percabinet .. 
Ts) 6 
A 8 
30 6 
40 8 
30 6 
30 6 
See Note B 
400 c. £. m. per Hotes 
30 
12 
50 10 
ne 8 
30 8 
30 7 
uF 10 
ais 10 
30 6 
ats 4 to 6 
; 6 
none none 
30 6 
30 6 
af 10 
10 
10 to 12 
A 8 
40 8 


Note oy ad Air supply to corridors should be 4 changes per hour or 
enough additional to be sufficient to counterbalance the excess of ex- 
haust from all rooms connected to corridors where there is no air sup- 
ply or where the supply is less than the exhaust. 

Note B—The air supply to a forge room should be not less than 
30 c.f.m. per occupant and should be increased to make up any unbal- 
anced condition occurring when the forges are all running each being 
supplied with 200 c.f.m. air blast and 400 c.f.m. forge exhaust. 


AIR CHANGES—Schools. 
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AIR CHANGES. 


Miscellaneous. 


The table below shows the changes of air per hour, or the 
cubic feet per minute (C. F. M.) per occupant, as recommended 
by the best authorities for various rooms of miscellaneous char- 
acter as listed below. 


ROOM SU PLY EXHAUST 
Ra St Au BD te 
se eee se Eas 
ce zou at, Os 
mS 3 mp ‘s 
1s: wk 5 fs} wW.4 O 
Ste) ao Sie) Atay 
Assembly and Convention 
TALIS iabtonie: cla cietic ace « 30 8 30 8 
IBOUCreROOIMS). vee sece ccc ee 10 oF none 
Engines ROOMS, 3... <<... we 4 to 6 ma 8 to 10 
IBACLORIES wie celrsac ce ates es 20 to 30 4 20 to 30 4 
EOUNGALICS: | cota sicie cae ob 6 a 4 i 4 
Halls and Assemblies .. 30 8 30 8 
Male Biatldings Pej. 212 «cles 20 to 30 4 20 to 30 4 
Offices (outside small) .. none a none ae 
Offices (inside small) le 6 Fits 6 
Offices (large) ........ 20 to 30 nS 20 to 30 ais 
Private Office (large) a5 6 oe 6 
Private Office (small) ae none ee none 
Public Offices (large) .. aa 4to8 ee 4to 8 
Public Offices (inside 
BEATE ) edeccdclevcrel'srats’ 018 < Ae 6 as 6 
Public Offices (outside 
SHALL) hr ANealsiateroisioe & none none 
Public Toilet Rooms : Ae none Prd 1 
Public Waiting Rooms .. ae 4 to 6 ae 4 to 6 
RATT pee ROOMS hi yesies oss o's: 6 6 4 to 6 wa 8 to 10 
Roand Houses: 2... c....< ai none ar 12 
PROTEUS ttle tatdisiciais pics oiste ae 4 to 6 a 10 


AIR CHANGES—wMiscellaneous. 
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PROPERTIES OF AIR 


Vol. B. T.U. Ab- |Cu. Ft. of 
Temper- | of Weigh | Elastic | Feet | sorbed by 1 Air Raised 1 
ature Dry |Cubic | of 1 cu.| Force | ° of cu. ft. of Air |Deg. F. by 1 
Degrees | Air | Feet | ft. of of Vapor| per Dey. F Bade Ue 
F with | in 1 | Dry Vapor |from 1 
| Unity} Ib. of | Air in. of | Ib. of 
at 32 | Air Mer- |Water!" Dry | Sat. |Dry |Sat. 
F. Air Air |Air = |Air 


[SSS SS 


0.02056'0.02054| 48.5] 48.7 
0,02004.|0.02006 50.0 
0.01961|0.01963| 51.0 
0.01921/0.01924| © 51.8 
0.01882/0.01884 52.8 
0.01847/0.01848 ; 53.8 
0.01818/0.01822 ; 54.6 
O0.01811/0,01812 ; 54.7 
0.01777|0.01794 : 55-5 
0.01767/0.01790 : 55.8 
0.01744|0.01770 ; 56.5 
0.01710!0.01751 ‘ 57.1 
0.01690/0.01735 : 57.8 
0.01682/0.01731 , 57-8 
0.01651/0.01711 i 58.5 
0.01623/0.01691 P 59.1 
0.01596/0.01670 ‘ 59.9 
0.01571/0.01652 
0.01544/0.01634 
0.01518|0.01616 
0.01494|0.01598 
0.01471|0.01580 
O.OT4A9) 01.62. 
GOTAZ ON. a aspter: 
0.01406 


“PROPERTIES OF AIR RACY 
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MEASUREMENT OF AIR FLOW 


The quantity and velocity of air discharged by a fan or flowing 
through a pipe may be determined by an anemometer, and orifice, a 
short length of pipe, a converging nozzle, or a Pitot tube. 

The anemometer is used in many cases’ where extreme accuracy 
is not required or where the velocity of the air is low, and is es- 
pecially adaptable to measuring air entering a room through a register 
or duct. The reading should be taken in the manner described on 
Standard Data Sheet No. 10-B. An anemometer should be frequently 
calibrated, as hot air will quickly dry up the bearings, and the readings 
will be affected as much as 10%. This instrument may also vary at high 
velocities. 

Air may be measured by discharging into a large air-tight cham- 
ber, which can. be easily provided for permanent testing work, from 
which the air escapes through cylindrical or conical orifices. The pres- 
sure in’ the chamber is recorded by a pressure gauge and the quantity of 
air delivered can be computed, using the coeffcient of orifice given in 
the table below. This method gives static pressure and not total pres- 
sure, 


COEFFICIENTS OF DISCHARGE. 


Angles of ‘Con- Coefficient of Angles of Con- Coefficient of 
vergence Discharge vergence Discharge. 
0.825 0.946 
0.866 28 0.941 
0.895 26 0.938 
0.912 0.924 
0.924 0.918 
0.929 0.913 
0.934 0.896 
0.938 0.869 
0.942 0.847 


In all cases, in using the above table, pressures should be taken in 
the chamber from which the: air is discharged. 

The fan may also discharge into an air-tight chamber, the air escap- 
ing through a short length of pipe, and the static pressure be accutately 
measured. A coefficient of 0.825 should be applied to the area of the 
short pipe to. determine the effective area and the velocity of the air. 


\sContinued on Sheet-Na 9-B) 


é AIR—Measurement of. Air Flow. ’ 
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MEASUREMENT OF AIR FLOW (Continued) 


In commercial work, where a test is wanted before the fan is in- 
stalled, a converging nozzle may be attached directly to the fan outlet, 
and the velocity pressure of air measured by a Pitot tube. A proper 
coefficient of contraction, as shown by the table below, should be used, 
due to the convergence of the nozzle. 


COEFFICIENTS OF CONTRACTION 


Angles of Con- Coefficient of Angles of Con- Coeffcient of 
vergence Contraction vergence Contraction 
Fe D2: 0.998 eS yi, On 0.937 
8 58 0.992 29 58 0.919 
10 20 0.987 40 20 0.887 
12." 4 0.986 48 50 0.861 


A Pitot tube is one of the most common instruments used to de- 
termine velocity and quantity of air flowing through a pipe This has 
two tubes, one inside the other The outer tube has several small open- 
ings in the short bent portion which records static pressure. The inner 
bent tube has an opening in the end which records total pressure By 
properly connecting the two tubes, the difference, or velocity pressure, 
may be read directly In testing a fan the Pitot tube should be 
placed 10 to 20 diameters from the fan outlet, and the air pipe should 
be the same diameter as the fan outlet Velocity pressure in the center 
of the duct will be higher than the average, and the reading at the center 
of a round pipe should be multiplied by a coefficient of 0.80 to get 
true average velocity pressure For more accurate work in round pipes 
and for square or rectangular pipes, a traverse of the pipe should be 
taken and an average of all the readings used. When the pipe is square 
or rectangular, it may be divided into a number of small squares or rec- 

. tangles a reading taken in the center of each, and the average result 
will be the true velocity pressure. If the pipe is round, it should be 
divided into a number of concentric rings of equal areas, and four 
readings taken in each area, horizontally and vertically across the pipe 


S  AIR—Measurement of Air Flow (Continued) f No. 9-8. | 
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DUCT AND FLUE WORK. 


Ducts and flues for heating and ventilating are usually constructed 
of galvanized iron or masonry. When galvanized iron is used they may 
be round or oblong in shape and are often built of No. 24 U. S. Gauge 
up to 350 sq. in. of area, No. 22 U. S. Gauge from 351 to 1200 sq. in. of 
area and No. 20 U. S. Gauge above this, with suitable stiffeners. Castings 
for heaters, fan connections, tresh air intakes and other large com- 
partments are usually built of No. 18 U. S. Gauge. 

Ducts and: flues are generally made in the shape of sections and 
joined up on the job, special connections being installed after the main 
lines are in place. There are various methods employed by different 
contractors for joining the various sections, some of the more com- 
mon types being here illustrated. For smaller work the use of an 
angle iron is unnecessary, the standing seam giving all the stiffness re- 
quired for short spans, but for spans over 4 ft—and certainly for 


i oe 


ie) uel Biers | ay BS) ge 


spans over 6 ft—angle irons are most desirable. Some engineers 
specify that ducts shall be stiffened “so as to bear the weight of a man 
on a plank laid along the top at any location selected.” Flat seams are 
little used in good work unless the size of the pipe is 12 in. or less. 

Round pipes, from a purely efficiency standpoint, are always the 
best, the amount of metal required to furnish a given amount of air at 
a given velocity being less and the friction or resistance to the passage 
of the air also being reduced. In factories, shops and other industrial 
buildings round ducts and flues are the rule; in better classes of build- 
ings, where space is at a premium, square or rectangular flues are used 
almost exclusively. The length of the long side of a rectangular flue 
should never be more than twice the length of the short side unless 
absolutely unavoidable. 

Volume dampers should be placed so as to control with absolute 
certainty the quantity of air delivered to each outlet or inlet and it is 
impractical to try to design a system where such dampers are not 
needed. 

Ducts and flues may be sized by two different methods. 

(a) By assuming velocities in the pipe (according to its position in the 
system) and calculating to find its area, or 
~ (b) By assuming a proportional area of pipe to the area of the fan 
discharge and calculating all pipe areas on the basis of the equivalent 
number of 1-in. pipes. 


gars 


DUCTS AND FLUES—Duct and Flue Work. 
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DUCTS AND FLUES. 
Elbows and Bends. 


All bends and elbows should be made with a center line 
radius of not less than one and one-half times the width of the 
pipe and some prefer using two times the pipe width. Tests 
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with elbows of various radii by Frank L. Busey and read 
before the A. S. H. & V. E. in 1913 indicate that the resist- 
ances vary as shown on the following curves. From these 
curves it can be seen that little is gained beyond one and one- 
half times the width and nothing at all beyond two times 
the width. 


DUCTS AND FLUES—Elbows. 
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DUCTS AND FLUES 
Anemometer Readings 


The following is the method recommended by the com- 
mittee appointed in 1913 by the A. S. H. & V. E. to investigate 
and recommend a standard method of obtaining anemometer 
readings of air valocities and quantities to supply and vent reg- 
isters. ‘The committee decided that all special apparatus, such 
as cones, plates, etc., was impractical and formulated seven rules 
as follows: 

1. The opening shall be divided into equal rectangular 
areas, no side of which shall be over 10 in. long, excepting 
where this would require more than ten readings, in which 
case the opening shall be divided into twelve equal areas. 

2. Readings are to be taken in every case at the center of 

every area. 

3. Readings are to be one-hali-minute duration, the ane- 
mometer being held at the register face or in the plane of the 
opening. 

4. Where the diffusers are used, a total area is to be com- 
puted on the basis of the periphery of the diffuser. 

5. The average of the readings are to be considered as the 
average velocity at the opening. Where negative velocities are 
found, they are to be deducted in arriving at the average 
velocity. 

6. In computing volume, the net area of opening is to be 
taken, the volume to be considered as the product of the average 
velocity and the net area of the opening. 

7. If the anemometer is held 2 in. from the register face, 
no deduction shall be made for the area occupied by the register 
mish. 


A’ 


DUCTS AND FLUES—Anemometer Readings. 
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DUCTS AND FLUES. 
Underwriters’ Rules. 


LDomper ond Wal! 
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FIG. 1. 

The National Board of Fire Underwriters has adopted cer- 
tain rules and regulations governing heating and _ ventilating 
systems. The regulations are divided into three main divisions: 
(1) Fans, (2) Ducts and Flues, and (3) Kitchen and Cooking 
Vents. These rules are as follows: 

BLOWERS. ‘The word blowers is used to include blowers 
and fans. 

(a) Blowers shall be so located as to be accessible for re- 
pairing and lubricating. 

(b) Casings to be strongly built and properly reinforced 
where necessary; joints shall be air-tight. Casings and runners 
shall be entirely non-combustible, and large enough not to require 
overspeeding. To prevent accidents openings into casings shall 
be protected with substantial screens or their equivalent. 

(c) Bearings and journals to be constructed in accordance 
with the best modern machine design and so proportioned as to 
prevent overheating. The bearings shall be self-oiled and so 
designed as to prevent leakage of oil. ‘They shall be located out- 
side of casings or ducts wherever possible. If located inside of 
casings or ducts, oilless self-lubricating bearings shall be used, 
made of bronze bushings fitted with plugs, such as graphite or 
metaline. 

DUCTS. The word ducts is used to include ducts, flues, 
pipes and tubes. 

(a) Openings through floors for the circulation of air from 
one story to another shall not be used. 


(Continued on Data Sheet No. 10-D.) 
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DUCTS AND FLUES. 
Underwriters’ Rules (Continued). 
(Continued from Data Sheet No. 10-C.) 


(b) Entire system of ducts to be self-contained; no rooms, 
hallways, attics, hollow spaces, voids, nor other portions®®f the 
buildings shall be used for air chambers or ducts, unless of fire- 
resisting construction, and then only by permission of the in- 
spection department having jurisdiction. 

(c) Ducts shall be made of galvanized iron or other approved 
non-combustible material. The same applies to enclosures of 
steam coils used for heating air. 

(d) To be thoroughly braced. 

(e) To be substantially supported by metal hangers, 
brackets or their equivalent. 

(f) Where subject to mechanical injury, ducts to be prop- 
erly protected. 

(g) In no case shall the clearance between any metal ducts 
and combustible material be less than 1 in. 

(h) The passing of ducts through fire walls should be 
avoided wherever possible. Where ducts pass through fire walls 
they shall be provided with automatic dampers, or national 
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standard vertical automatic fire doors, located on each side of 
the wall through which they pass. (See Fig. 1.) 

(1) All ducts passing through floors shall be made of, or 
protected throughout by approved fire-resisting material, such as 
4 in. brick, hollow tile, or 2 in. cement-plastered partition, sup- 
ported by a substantial steel frame. 


(Continued on Data Sheet No. 10-E.) 
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DUCTS AND FLUES. 


Underwriters’ Rules (Concluded). 


(Continued from Data Sheet No. 10-D.) 


(j) Where vertical ducts serve more than one floor, auto- 
matic dampers shall be provided on all outlet openings directly 
from such vertical ducts, and at all connections with branch ducts 
from such vertical ducts. (See Figs. 2 and 3.) 

(k) Joints between ducts and floors, walls or partitions, 
must be made tight by non-combustible materials. 

(1) Outlets on supply and exhaust ducts should always be 
protected by means of register faces or wire screens. 

(m) Intake of air to be from outside except in re-circulating 
systems, and shall be taken only from areas containing non- 
combustible material. Intakes must be protected with rolling 
shutters or heavy doors. 

Intake and intake rooms, steam coils and blowers, etc. 
shall be segregated in a room cut off by fire-resisting partitions 
from other portions of the building. 

(n) Blower systems should preferably have an emergency or 
automatic control to shut them down in case of fire. This may be 
done automatically by means of devices utilizing fusible links, 
thermostats, or automatic sprinklers. Such installations to be 
subject to the approval of the inspection department having juris- 
diction. 

COOKING APPLIANCES. 

(a) Ventilating ducts used to carry off the grease-laden 
vapors from hoods over cooking appliances, especially in kit- 
chens of large restaurants and hotels, shall be constructed simi- 
larly to boiler smoke flues, and, of of metal, must be of not less 
than No. 16 U. S. gauge, so substantially built that the grease and 
gum could be removed from the interior by burning out under 
a flash fire. 

(b) The ventilating ducts shall be an independent system 
in no manner connected with other house ventilatig systems. 

(c) Ducts should not be connected to stacks, chimneys or 
flues used for other purposes. 

(d) A live steam jet should preferably be provided at the 
end of the duct nearest the cooking appliances. 
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DUCTS AND FLUES. 


Velocities Recommended for Heating and Ventilating Systems, 
in Schools, Public Buildings, Churches, etc. 


Supply Air. 
VeELocity THrouGH FREE’ AREA. 


Cold air intake 700 to 1000 f. p.m. 

Cloth filter about AAC) Tas 

Air washer YOO 

Heaters S00) to 21200) 

Horizontal ducts 1200 to 1400 at fan decreas- 
ing to 600 


f.p.m. at base 
of vertical 
flues. 

Vertical flues 400 f. p.m. for 
masonry flues. 
500 f. p.m. for 
galv. iron flues. 

Register outlet (free area) 200 to 250 f. p.m. 

Grilles (total area) oe (ie vent 

Air outlets 15 ft, or more above the floor may be run up as high 

as 350 f. p.m. if not thrown directly down on persons below. 


Exhaust Air. 
VeLocity THROUGH FREE AREA. 


Registers or total area of grilles 300 to 400 f. p.m. 


Vertical flues 400 f. p. m. for 
masonry flues 
500 f. p.m. for 
‘ galv. iron flues. 
Horizonta’ ducts 600 f. p. m. at far 


end up to 1200 

or 1400 f. p.m. 

at fan inlet. 
Discharge openings 700 to 1000 f. p. m. 


DUCTS AND FLUES—Velocities, | No. 10-F, 


DUCTS AND FLUES 
Velocity in Vent Flues Due to Heating Air. 


When air in a flue is heated above that of the outside air, 
into which the flue is opened, the flue air is expanded to a 
relatively greater volume and therefore has a relatively less 
weight than the outside air. This state results in a tendency 
to equalize the unbalanced condition, giving motive power to 
produce a draft in the flue largely similar to the action of a 
common chimney. 

Ventilation operated by heating the air in vertical flues is 
termed a “gravity” system but cannot be recommended on ac- 
count of troubles due to non-positive results, back-drafts, ete. 
Owing to cheapness such flues are often used and when so 
employed should be figured conservatively to allow for friction 
and other retardents. The following table is thought to be as 
reliable as any table can be when made to fit a set of con- 
ditions which are not positive. 


VENT FLUE, VELOCITIES IN FEET PER MINUTE. 


Height| Temperature in flue above outside temperature, in 
of flue degrees, Fahr. 

in feet 5 LOS edie 152 20° SOs etl SOF: sat ShOOe 
Velocity in Flue in Feet Per Minute. 

5 76 94 109! fd 34, fie 167 CP 9242 
10 7 108 133 19 188 242 342 
15 133 162 188 230 297 419 
20 153 188 aly, 265 342 484 
25 171 210 242 297 383 541 
30 : 188 230 265 325 419 593 
35 203 248 286 351 453 
40 VAVA 265 306 375 484 
45 230 282 325 398 514 
50 242 297 342 419 541 
60 264 325 373 461 594 

100 342 | 420 485 594 768 
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AREA IN SQUARE FEET OF ANY ROUND, SQUARE OR 
RECTANGULAR PIPE FROM 8 INCHES.TO 8 FEET. 


ARDEA RECTANGULAR 


pe 


i 


Diameter 


P 


3.25 3.61 4.33 
4.50 
4.67 
4.83 
5.00 
5.17 
5.33 
5.50 
5.67 
5.83 
6.90 
6.17 
6.33 
6.50 
6.67 
6.83 
7.00 
Rely, 
7.33 
18 

7.67 
7.83 
8.00 


} 
j 


578 
6.00 
6.22 
6.44 
6.67 


7.93 8.07 9.39 10,11 10: 12.28 13.00 13.73 14.44 15.17 15.88 17 33 18. 
8.25 9.00 10.50 11.25 0 12.75 13,50 14.25 1 15.75 16.50 17.25 1390 18. 
7.77 8.56 9.3: 10.89 13.22 14.99 14.78 15.55 16.33 17.12 17.88 18.87 
8.06 8.86 9.67 11.28 12.08 13.69 14.50 15.31 16.92 17.72 18.53 19.39 20. 
8.33 9.17 £0.00 11.67 12.1 14.17 15.00 15.85 17.50 18.33 19.16 20.07 20.84 
6.89 8.61 9.47 10.33 14.64 15,50 16.37 18.08 18.95 19.80 20.67 21.53 
7.1L A 8.89 9.77 10.67 : 15.11 16.60 16.90 18.67 19.56 20.44 21.33 22.22 
7.3 ; 47 10.08 41.00 11. 3. 67 15:58 16.50 17.43 18.33 19.25 20.17 21.08 22.00 22.92 
7.56 8. ; .46 10.39 11.33 12.28 13.22 14. 11 16.05 17.00 17.95 8 19.83 20.78 21.72 22.67 23.61 
7.78 4 11.67 42.¢ 15.56 16.53 17.50 18.48 19.44 20.42 21.38 22.36 23.33 24.90 
8.06 8.50 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 
§.22 8.76 9.25 9. 2.33 1k 14.39 12 16.44 17.47 18.50 19.53 20.56 21.58 22.61 23.63 24.67 25.69 
8.97 Gi 11.69 12.67 13.72 14.78 15.83 16.89 17.94 19.00 20.06 21.11 22.17 23.22 24.27 25.33 26.39 
9:21. 8 ).83 11.91 13.00 15.17 16.25 17.33 18.41 19,50 20.59 21.67 22.75 23.83 24.91 26.00 27.08 
9.44 11 12.22 12.23 15.56 16.67 17.78 18.89 20.00 21.11 22.22 23.33 24.44 25.56 26.67 27.78 
9.68 1 $9 12.53 13.67 14.80 15.94 17.08 18.22 19.36 20.50 21.64 22.77 23.92 25.06 26.19 27.33 28.47 
9.02 87 12.83 14.00 15.17 16.33 17.50 18.67 19.83 21.00 22.17 23.33 24.50 25.67 26.83 28.00 29.17 
10.15 ) 94 13.14 24.33 15.53 16.72 17.92 19.11 20.30 21.50 22.70 23.89 25.09 26.20 27.46 28.67 29.86 
9.78 10.39 11. 12.22 32.44 14.67 15.90 17.11 18.33 19.56 20.78 22.00 23.22 24.44 25.67 26.90 28.10 29.33 30.56 
10.00 10.62 11.2 12.50 £3.75 15.00 16.25 17.50 18.75 20.90 21.25 22.50 23.75 25.00 26.25 27.50 28.75 30,00 31.25 
9.53 10.22 10,86 11.50 12.14 12.80 14.06 15.33 16.61 17.89 19.17. 20.44 21.72 23.00 24.28 25.56 26.88 28.11 29.37 30.67 31.94 
9.79 10.44 11.19 11.75 12.40 13.6 (36 15.67 16.97 18.28 19.58 20.89 22.19 23:50 24.81 26.11 27.42 28.72 30.00 31.33 32.64 
10.00 10.67 11.33 12.00 12.67 13.33 14.67 16.00 17.33 15.67 20.00 24.83 22.67 24.00 25.33 26.67 28.00 29.3% 30.67 32.00 33.33 
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DUCTS AND FLUES—Duct Areas (Concluded). 
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| DUCTS AND FLUES—Pipe Capacities at Var ious Velocities. Bo. 10-5. 
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4 
PROPER GAUGES AND WEIGHTS OF ROUND G I. PIPE AND 
ELBOWS FOR DUCT SYSTEMS 


Gauge and iam. ight | Gauge and 
Weight per Weight per 
Square Foot i i Square Foot 


28g. 0.78 Ibs. 
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In this table the weights include rivets, solder and due allowance for trim- 
ming and laps; the elbows have an internal radius equal to the diameter of the 
pipe. Rectangular pipes are usually made of same gauge as round pipes of 
equal area. 


B. F. Sturtevant Co. 


r DUCTS AND FLUES—WEIGHT OF SHEET METAL PIPES. 


IN net ART KR Aa ARC etn. 


AYR far (ater tele he fa Ne a WOME repeals eae spent fonts smmnrsnan ent loner 


pee ae \ $4 
WSCA fs peau 


my; 
¥ 


i DD OM 
WOR 


Sah ae a « eigen aiccinlecahs saphena aie anny ead cht. Tada ye Agi NAN 


at 


Aan itt ra eae 


gat 
> 


italic gsi ines ier reports Terie chanthalci 


Smaps 


A tes} 


anesthe ire bial eepaeigh. 


* 


é 
a 
t: 
s 
a 
£ 


tS tS 


Ce 


ee pa 
Pe Pet Coe ee om fe ns tee Ge 


Rh pe tes Se ey 


eee sam} 


ZANE Pin ia, 


~ 


” 


“16g 
No. 16 


OTHER GAUGES AND WEIGHT IN POUNDS PER SQUARE FOOT 


OAD WAN-A.Y. CITY. 
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GAUGE TO THAT OF ANY OTHER GAUGE. 
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28-in. pipe of No. 22 g 
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2.87| 2.57 
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DUCTS AND FLUES—FACTORS TO CHANGE GAUGE. 
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SIZING OF DUCTS AND*FLUES 
METHOD NO. 1. 


Fig 1. 
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ASSUMED ARRANGEMENT OF OUTLETS 


Fig. 1 involves supplying 1,500 cu. ft. of air to each of sixteen out- 
lets, located as shown, from a fan placed at the left-hand end. It is 
assumed that these outlets are in different rooms but that air require- 
ments are the same or, if the air is used for heating, that the heat 
requirements are identical. : 

Assume velocities in the ducts ranging from 1,000 ft. per minute 
at the fan down to 500 ft. per minute in mains P and H. Size the 
ducts on the basis of the area required to pass the given quantity of 
air at the given velocity. Size flues on the basis of 400 ft. per minute 
velocity; size the registers on the basis of 250 ft. per miriute velocity 
through the free area. 

This gives a schedule of Sizes as shown in the following table: 


$885 


SOLUTION OF PROBLEM SHOWN IN FIG. 1, ACCORDING TO 
METHOD USED BY WRITER. 


Cubic Feet Velocity: 
Length per Min. Ft. Per. Min. 
Immaterial 24,000 1,000 
sf 21,000 
18,000 
15,000 


OVOZEMATKTOWYAwD 


Regésters equal 1500/250, or 6 sq. ft. net. This method is short, 
simple and in practice gives good results, the areas being as shown 
in Fig. 2. 


DUCTS AND FLUES—SIZING—FIRST METHOD 
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SIZING DUCTS AND FLUES. 
Method No. 2. 


Nore—In Tue Heatinc anp VENTILATING Macazine for October, 1916, 
in an article by Harold L. Alt, various methods of sizing ducts and flues 
were outlined and examples shown. ‘These comprise in all six different 
schemes of which one of each is illustrated and briefly outlined in 
Standard Data Sheets Nos. 10-M, 10-N, 10-O, 10-P, 10-Q, 10-R_ and 
10-S. The example assumed for comparison is shown in Data Sheet 
No. 10-M (Fig. 1) and the reader is referred to the article in question 
for a more complete discussion of the subject. 
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Another method is not to use a trunk line at all unless all 

the outlets are in the same room. Where different rooms are 
supplied with air, different temperature requirements are en- 
countered and this is taken care of by an individual duct sys- 
tem. In this system a single, separate duct is carried to each 
room (in this case, each outlet) and the air is supplied at the 
warmer or cooler temperature required. Automatic control 
operates mixing dampers in the hot and cold air chambers so as to 
give the desired temperature. 
This method is illustrated diagrammatically herewith, the 
velocity in the flues being 400 ft. per minute and in the ducts 
being 850 to 900 ft. per minute; the ducts are made 8 in. wide 
by the depth required to give this velocity. 

1500/850 — 1.76 sq. ft. x 144 = 253.44 sq. in. and this di- 
vided by 8= 31 -+ in. depth, 30 in. is usually adopted. 

Velocity through registers, 300 ft. per minute through free 
area. ‘This gives a schedule of ducts and flues as shown in the 
following table: 


DUCT AND FLUE Porte: FIGURED BY METHOD 


Cu. Ft. Velocity 
Ducts and Flues. Length. Per Min. Ft. Per. Min. 
All Ducts Immaterial 1500 900 
All Flues Immaterial 1500 400 
Registers 1500/300=5 sq. ft. net. 


DUCTS AND FLUES—Sizing—Second Method. 
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SIZING DUCTS AND FLUES. 
Method No. 3. 


The United States Government employs a method based on using 
the same velocity throughout the ducts, with modifications, reducing 
velocity beyond the center of distribution and increasing it before the 
center is reached. This method consists of reducing the size of the 
fan outlet to an equivalent number of l-in. pipes and dividing this 
equivalent number of l-in. pipes by the amount of air handled per 
minute; this gives a decimal by means of which the area of any duct 
is obtained by multiplying the cubic feet of air per minute carried by 
this decimal. 


TABLE 1—CALCULATIONS ACCORDING TO U. S. GOVERNMENT METHOD. 


Equivalent Cubic Feet 
dfor Turns Distance Times 
Ft. Lineal Feet 
60,000 
120,000 
180,000 
150,000 
180,000 
140 210,000 
160 240,000 
100 8 450,000 
120 : 510,000 
140 6 570,000 


2,670,000 


Cubic Feet Distance 
perMin. Ft, 
1500 ea. 20 
1500 ea. 40 
f 1500 ea. 60 
100 
120 


BURGnenets 


(a) Assumed at 30 in. diameter and 10 diameters for throat radius equal to 1D. 


Then multiplying the cubic feet at each outlet by the distance back 
to the fan, adding the totals and dividing their sum by the total cubic 
feet of air per minute will give the number of feet to the center of 
distribution from the fan. One-third of 1% is added for each foot be- 
yond this center and 1/3 of 1% subtracted for each foot less than this 
center. The velocity in the vertical flues is 600, and 200 ft. per minute 
through gross area of register face. 

Thus, referring to Fig. 1 the outlets starting from the fan are as 


shown in Table 1. 

2,670,000 + 24,000 = 111 ft. 

This is so near 110 ft. that 110 ft. may be taken for the sake of 
even figures. Then corrections on areas will be as shown in Table 2. 


TABLE 2—CORRECTIONS ON AREAS. 


Duct Center of Outlet P 

Supplying Distribution, Distance, Correction Per- 

Outlet or Flue. , F Factor Centage 
A 1 0.0033 

0.0033 

0.0033 

0.0033 

0.0033 

0.0033 

0.0033 

0.0033 

0.0033 

0.0033 

0.0033 


P 110 160. +50 
(a) 50 ft. added as equivalent for two 90° bends. 
(Continued on Sheet No. 10-P.) 
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SIZING OF DUCTS AND FLUES. 
Method No. 3 (Con’d). 


(Continued from Data Sheet No. 10-0.) 
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SIZES BY METHOD NO. 3. 


To get size of fan discharge and, therefore, the size of duct at the 
fan the size of fan must be first computed by the formula: 


Cubic feet of air per minute—=AD‘N. 

A=0.42 for air washer and ventilation fan. 

C. F. M.= 24,000. 

Tip speed of steel plate fan with air washer = 4,500. 


D*= 40 and D= V40=6.33 say 
6-ft. wheel, or a 120-in. fan. 
A 6-ft. wheel at 4,500 ft. per 
minute tip velocity equals: 
6x 3.14x N = 4500 
seca Seiad 18.84 N=4500 
N = 4500 = 18.85 = 238 
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BASIS OF COMPUTING SIZES OF 
DUCTS St ae METHOD 


A 72-in. steel plate fan wheel has housing 57% of diameter of wheel, 
or 72x 0.57 = 41.04 in. say 42-in. housing and 42 in.x 42 in. outlet. Then 
the duct size at the fan will be 42 in.x 42 in., or equivalent to 11432 1-in. 
square pipes. 

11432 + 24000 = 0.476 factor. 

In making branches the practice in this system is to make the 
branch the full height of the main, regardless of how narrow this makes 
the branch, put on the elbow, then transform into a circular or square 
duct as desired. This is illustrated by the detail of branch shown. The 
basis of computing the sizes of ducts and flues as shown is given here- 
with and can be readily followed. 


; ; > 
DUCTS AND FLUES—Sizing—Third Method (Concluded). | No. 10-P 
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SIZING OF DUCTS AND FLUES—METHOD NO. 4 


(New York City Board of Education) 
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SIZES BY METHOD NO. 4. 


z peer oF explanation and example assumed see Standard Data Sheets Nos. 10-M. 
an -N. 

In the New York City schools still another method is used. Here the outlets for 
any one section of a Bice floor are taken from a duct run horizontally on the ceiling of 
that floor, the duct being supplied from a main vertical flue, the bottom of which is 
kept as close to the supply fan as the exigencies will permit. Between the fan and the 
flues a velocity of 1,000 to 1,200 ft. per minute is maintained and, in the flues, a velocity 
depending on the height of the flue. The ducts running along the ceilings of the upper 
floors are arbitrarily graduated from 375 at the farther end up to 750 near the supply 
flue. In order to supply the sixteen outiets under consideration the duct and flue system 
would be rearranged as shown so that each floor would be supplied from a horizontal duct 
located on the ceiling of that particular floor, 

The vertical flues are assumed at velocities as follows: 5-story, 1100 F. P. M.; 4-story, 
1050 F. P. M.; 3-story, 1000 F. P. M.; 2-story, 950 F. P. M.; l-story, 900 F. P. M. 

SIZING CEILING DUCTS. ) 
Number of Total Cubic Horizontal Velocity Area of 
Rooms at 1500 cu. ft. each. Feet per min. Feet per min. Duct. Sq. In. 
7, At: 2500 0", 750 2160 
10,500 
9,750 
9,000 
8,250 
7,500 
6,750 
6,000 
5,250 


Registers at 250 ft. velocity over gross area. 
This gives duct and flue sizes about as follows: 
DUCT AND FI,UE SIZES 
Velocity 


Duct orFlue Length . Feet per Min. 
x Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
Immaterial 
L Immaterial 
N Immaterial 
Fr Immaterial 500 432 
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1,500 
_ The registers are figured at 250 ft. per minute velocity over the gross area and, as 
wire grilles are used, this is practically 250 ft. per minute across the net area, too. The 
reason for two ceiling ducts cf | ecg ee paralleling each other is to prevent the open 
Idin 


windows on one side of the building from blowing the air across the duct into the other 
side. In reality these two ducts consist of a single duct with a middle partition. 


DUCTS AND FLUES—Sizing—Fourth Method. 
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SIZING OF DUCTS AND FLUES METHOD NO. 5. 


Notre.—For .explanation and example assumed see Standard Data 
Sheets Nos. 10-M and 10-N. 
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SIZES BY METHOD NOS5 


A method used by another prominent engineer provides for tempera- 
ture drop in the duct and then utilizes the equivalent number of 1-in. pipes 
in determining the duct areas. The amount of temperature drop is vari- 
able, depending upon the material used for the construction of the duct, 
its location, and its insulation. It is a very simple proposition to test the 
temperature drop for any length of run in an installation already working 
and to thus develop the number of feet of run for 1° drop in temperature. 
For convenience in calculating, it has been assumed in the following that 
there is 1° drop in every 20 ft. of run and the temperature at the fan is 
assumed “as 120° F.; thus, the air 20 ft. from fan would be 119° F., at 40 
ft., 118°, etc. 

The formula to obtain the quantity of air fer any given B.T.U. loss 


per hour is: 
18} JRL OE 


60 (T-t) DS 
When B. T.U. = heat required in B.T.U. per hour. 
ie = temperature F. of entering air. 
t: = temperature F. of room air. " 
D = density of entering air at temperature T. 
S) = specific heat of air. 
= number of minutes in an hour. 

If the heat loss in each room is exactly equal to.the heat brought in 
by the 1500 cu. ft. of air at 120° F. and 70°F. is the room temperature 
the heating requirement is 

1500 x (120 — 70) x 60 1500 x 50 x 60 ~ 4590000 


<5 “LS | Scr as aa RSS dt 


Cubic feet per minute equals 


60 60 
40 bene the number of cubic feet 1 B.T.U. will raise 1° at 120° (tempera- 
ture T). 
Then by substituting, the C.F.M. (for any outlet where the B.T.U. loss 
is 75000 B. T. U.). will equal: iy 


60 x (T-t) x 0.0685 x 0.2375 
At 1° drop in temperature every 20 ft. the temperature at the outlets at 
the end of duct will b 
114%4° 


11314° 


11214° 
11114° 


Ats= 
60 x (119-70) x 0.0685 x 0.2375 
(Continued -on Sheet No. 10-S) 


DUCTS AND FLUES—SIZING—FIFTH METHOD. PNo, 10-R. | 


CUE DRED 


eRe 
of pes ana 


i 


ag i 


: 2S eres a remem TET ae ee 
4 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. Ci 


AS 


METHOD NO. 5—Continued. 


(Concluded from Shect ‘No. 10-R) 


The fall in temperature: js.so slight in any one system that to save computation. 
7500 


60 x 0.0685 x 0.2375 * ; 
may be reduced to a constant, which. divided by (T-t) will equal C.F.M. This 
reduces to 


75000 
or 76944... 
0.976125 
cay 940 940 a 76940 
76 7694 
= x 2, or x 2, ne x2, or 1832x2 = 3664 

119-70 49 112-70 

or 1570 x 2 = 3140 rs 76940 

76940 KS = 1729 
La x2, or 1603x2 = 3206 t 114%4-70 

118-70 7694 

76940 M = ——— = 1769 
Ca ———— x 2; or 1637 x 2 = 3274 113%4-70 

117-70 76940 

76940 oO = ———— = 1810 
if f= x2, or 1748x2 = 3496 112%-70 

114-70 76940 

76940 Q = —— = 1854 
G= x2, or 1789x2 = 4578 111%-70 

113-70 


The total air to be delivered by the fan is the sum of these totals, or 
A 3,140, B 3,206, C 3,274, F 3,496, G 3,578, H 3,664, K 1,729, M 1,769, O 1,810, 
Q 1,854. Total 27,520 C.F. M. 


The same steel plate fan previously considered will deliver the re uired amount 
of air and, as previously noted, its outlet is 42 in. x 42 in. or equivalent to 11,432 
l-in. pipes. Then the 
11432 


27520 
Say 0.42, the number of 1-in. square pipes to be allowed to each cubic foot of air 
per minute, this Leing called the factor (F). This factor, however, is usually made 
from 0.6 for shorter systems to 0.7 for longer systems to avoid excessive friction 
losses and high velocities. If 0.6 is used: 


0.415 


CMF. F. 1-in. 
Sq. Pipes 
3140 x 06 = 1884 
3206 x 0.6 = 1924 
3274 x 06 = 1964 
3496 x 0.6 = 2098 
S57 Since OlOrusn cl ee 
3664 x 0.6 = 2198 
1729 .93051:0.67 ==). 1037 
1769 x 0:6) =) 1061 
1810 x 0.6 = 1086 
1854x016 =) 1112 


Dust sizes with allowance for temperature drop, Method No., 5. 
H = 2198, or 21 in. x 22 in. ; = 462 sq.in. of duct. 
G = 2198 + 2147 = 4345, or 28 in. x 29 in. = 812 sq.in. of duct. 
Band F = 4345 + 2098 = 6443, or 33 in. x 34 in. = 1122 sq.in. of duct. 
P and Se Le; (Oba Ls ie Ky. im. = 289 sq.in. of duct. 
O and = 1112 + 1086 = 2198, or 21 in. x 22 in. = 462 sq. in. of duct. 
M and lL, = 2198 + 1061 = 3259, or 25 in. x 26 in. = 650 sq. in, of duct, 
K and J = 3259 + 1037 = 4296, or 28 in. x 28 in. = 784 sq. in. of duct. 
E andj = 4296 + 6443 = 10739, or 40 in. x 41 in. = 1640 sq. in. of duct. 
C = 10739 + 1964 = 12703, or 44 in. x 44 in. = 1936 sq, in. of duct. 
B = 12703 + 1924 = 14627, or 46 in. x 46 in. = 2116 sq. in. of duct. 
A = 14627 + 1884 = 16511, or 49 in. x 49 in. = 2401 sq. in. of duct. 


It can readily be seen that the proper quantity of air will be delivered to maintain | 
the heat equilibrium and that the duct friction is kept at’a fairly constant point, although 
not quite constant, us no allowance is made for bends, transformations, etc., and: while the 
duct sizes thus obtained increase toward the far end of the system it is only because they 
ave expected to handle a greater quantity of air at the same friction loss per foot of duct 
in order to compensate for temperature drop in the duct. 


DUCTS AND FLUES—SIZING—FIFTH METHOD (Cont'd) | No. 10-S. | 
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SIZING DUCTS AND FLUES. 
METHOD NO. 6 


Note—For explanation and example assumed see Standard Data 
Sheets Nos. 10-M and 10-N. 

The Buffalo Forge Co. utilizes two methods for sizing ducts ahd 
flues, one system for industrial work and another for public buildings. 
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FIG. 1—CHART FOR FIGURING DUCT AND FLUE SIZES ACCORDING 
TO METHOD NO. 6 


DUCTS AND FLUES—SIZING—SIXTH METHOD. | No. 10-7. | 
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SIZING DUCTS AND FLUES. 
Method No. 6—Continued. 


In public building work, individual ducts are recommended similar 
to those described in Method No. 2. For industrial buildings the sizing 
is developed from a chart which gives a constant friction drop in all 
lines regardless of size. 

To use the chart, shown in Fig. 1, it is only necessary to determine 
the percentage of air delivered to each outlet and carried by each duct, 
together with-the size of duct at the fan outlet; the sizes can then be 
read directly from the chart as follows:— 

In the typical layout being used as an example, the total air is 
24,000 cu. ft. per minute; allowing an additional 10% for losses in the 
system it is found from the chart that a No. 9 Niagara Conoidal fan 
is the proper size and that this fan has an outlet area of 11.81 sq. ft. 
The duct leaving the fan should have an area equal to, or slightly 
greater than the outlet; assuming, in this case, a 46-in. diameter duct 
(area of 11.54 sq. ft.), all the other sizes are determined from this 
basic size, these being governed by the percentage of air handled in 
each case. 

FIG, 2. (1500) (soo) (500) 
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The percentage of air for each of sixteen equal outlets is 614% 
per outlet and this gives the percentages for each case as shown in 
Fig. 2. For instance, after the first pair of outlets is taken off the 
main duct, 87!4% of the air is left; finding 8714 on bottom of chart and 
following this up to the point where it intersects with the curve the 
per cent of diameter may be read in the left-hand column (95%) 46-in. 
x 95% = 43.7-in., or 44-in. diameter duct. To read the size directly, 
instead of going to the left from the intersection go to the right until 
the diagonal line for the original flue size (46-in.) is met. Vertically 
above this second intersection may be read the size of the flue which 
will carry 8734 of the volume at the same drop as the 46-in. diameter 
duct (or 44-in.) which agrees with the size obtained by the Jonger 
method of multiplying the 46-in. diameter by 95%. 

Continuing this method for the other percentages gives the duct 
sizes shown in Fig. 2, from which the velocities (when desired) may 
be computed, these being in this case as indicated. 

This gives a schedule of sizes as follows:— 

Duct Quantity Proportion Diam. Area Velocity 
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SIZING OF DUCTS AND FLUES—METHOD NO. 7. 


(B. F. Sturtevant Co.) 


Nott.—For explanation and example assumed see Standard Data 
Sheets Nos. 10-M and 10-N. 

The Sturtevant Co. uses a method of sizing ducts and flues based 
on equivalent pipes—usually 5-in. pipes being used. For school house 
and public building work velocities are used ranging from 1000 ft. per 
minute minimum to 1500 ft. per minute maximum. For the example 
here assumed a velocity at the fan of 1000 ft. per minute has been 
adopted, although for factory buildings this velocity is increased to 
2000 to 2400 ft. per minute.’ 

In this system there are sixteen outlets each to deliver 1500 C.F.M. 
This gives a total volume of 24,000 C.F.M. With a velocity of 1000 ft. 
per minute, the area of the pipe at the fan outlet would be 24 sq. ft. 
or 3456 sq. in. The next size round pipe to this would be 66 in. in 
diameter. In practice a pipe is used whose diameter is an even number 
of inches, that is, fractional sizes are disregarded. While not abso- 
lutely accurate, this method is close enough because two different men, 
building the same size of pipe would vary the friction considerably, 
depending upon the care which they used in forming the joints. 

The equivalent 5-in. pipes for ducts and flues of various diameters 
shown herewith in Table I. 


TABLE 
Diam. Equiv. Diam. Equiv. Diam. Equiv. Diam. Equiv 


of Pipe 5in. diam. of Pi Sin. diam. of Pi Sin. diam. of Pipe 5in. diam 
In. Pipes In. ti In. iy Pi In. Pipes 
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SIZING DUCTS AND FLUES—SEVENTH METHOD (Continued). 


From this table it is seen that a 66-in. pipe is equivalent to 630-5-in. 
pipes. 24000 C. F. M. + 630 = 38 cu. ft. per 5-in. pipe, equivalent to 
1500/38 = 39.5 S-in. pipes, the required size of each outlet. From the table 
it is seen that it is very nearly equal to a 22-in. pipe. The equivalent number 
of 5-in. pipes for two outlets would be 79; for 3 outlets, 11814; for 4 outlets, 
158; for 5 outlets, 19734; for 6 outlets, 237; for 7 outlets, 27614; for 8 outlets, 
316; for 9 outlets, 35514; for 10 outlets, 305 ; for 11 outlets, 43414; for 12 out- 
lets, 474; fr 13 outlets, 513%; for 14 outlets, 553 efor. outlets, 592%. 

This gives a schedule of duct and flue sizes as follows: 
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FAN (24,000) 
SIZES BY METHOD NO. 7. 

Direct or Fiue Length Cu. it. per. Dia.in. Areasq. in. Velocity ft 

Min. per. min. 
A Immaterial 24000 66 3420 1050 
B S 21000 63 3100 975 
ic sc 18000 59 2720 950 
D gh’ 15000 55 2370 915 
E&F ee 9000 45 1580 820 
G&J cv 6000 38 1130 760 
H & 3000 29 660 650 
LU oe 4500 34 910 710 
N Zs 3000 29 660 650 
K-M-0-0 He 1500 22 380 570 

All outiets 22 in. in diameter. 

DUCTS AND FLUES—Sizing—Seventh Method (Concluded). | No. 10-W. 


Sy Oy AGS ON LIA Ca 
ae cathe f AT a 
SALES GM, oT ptehlod hao 


PEFR lt Sg AN REET end ao RA ot Oppo hed 


Perit. 


< Dats 
cs trea 


Ail 


r Oe ae t « 
UN MAE EA, TG 
MRA ry ale) 


TAE AEATING AND VENTILATIAG MAGAZINE - 1123 BROADWAY-A.Y.CITY. 
SUPPLY AND EXHAUST OUTLETS. 


While there are many different methods of making flue connections 
to supply and exhaust outlets, the simplest satisfactory connections are 
shown in Figs. 1 and 2. 

In Fig. 1 is. illustrated an up-feed supply system outlet in which 
the vertical flue is carried a slight distance above the top of the outlet 
in order to form an air cushion and to help equalize the air flow across 
the register face. This distance—which is usually made 8 in. to 12 in— 
does not absolutely equalize the air-flow but tends to prevent such a 
large quantity of air shooting out through the top third of the register 
as would be the case if a plain elbow were used. 

The volume damper is an ordinary wing damper one end of which 
is attached ‘to a wire held by the set screw. It is necessary to have the 
register face either hinged or to set the volume dampers before the 
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FIG, 2. 


installation of the registers. Many engineers prefer their volume dampers 
set at other points in the duct system to avoid this difficulty, but it must 
be admitted that an outlet can be set more quickly from anemometer read- 
ings when the damper is at the outlet than when it is off in some other 
part of the building. 

Fig. 2 illustrates a similar outlet for an up-feed exhaust system with 
a volume damper consisting of a piece of curved sheet metal riveted to 
the flue at the bottom and hooked to the proper position at the top by 
means of the chain and hook shown. The spring of the metal will hold 
this damper tightly in its proper place after being adjusted. To operate 
this damper a hinged or removable register must be used and for this 
reason some engineers prefer controlling air in the flue from a damper 
located in the horizontal duct connecting to the top of the flue. 

In all cases it has been found advantageous to have the wood frame 
made around the flue outlet in the shop; this protects the outlet during 
shipping, handling and erection, keeping it in proper shape and preventing 
bending and dents. After the flues are erected the wooden frames have 
wall ties nailed to them and are walled in; the furring strips are run 
around the edge and the wall plastered, :gter which the registers or grilles 
are mounted by attaching them to the metal, or by screwing through 
the furring into the solid wood of frame. 


| FLUE OUTLETS AND DAMPERS | No. 11-A | 
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REVERSING DAMPERS. 


In many buildings it is considered desirablé to put the warm air in at 
the upper openings during the winter, drawing the cold air out of the lower 
exhaust openings, at the floor, while in summer it is preferred to draw the 
hot air at the ceiling off through the upper openings and putting the cold air 
in through the lower openings. In other cases it may be desirable to tse 
upward ventilation (supply openings low and exhaust openings high) whenever 
cigar smoke is to be handled, and downward ventilation (supply openings 
high: and exhaust openings low) at all other times. 

In the ordinary duct system such a reversal is impossible, but in cases 
where the supply and exhaust fans are set close together, or where the main 
supply and exhaust ducts run near each other, it is possible to provide for such 
conditions by the proper arrangement of one or more dampers. 

The single reversing damper is shown in Fig. 1, the duct E_ being con- 
nected to the suction opening of the extayst fan, the duct S to the discharge 
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opening of th+ supply fan, the duct U to the upper openings in the building 
and the duct IL, to the lower openings in the building. It is self-evident 
that the turning of the damper from the position shown in ‘full lines to the 
position shown in dotted lines will reverse the flow of air in both the ducts 

and LL. The ducts coming into such a damper must. all be of the same 
size and dimensions, the height Hof the damper being the same as_ the 
height of the duct. The radius of the damper casing r is -equal to the 
width of. the duct D, plus _a few, inches (to allow for the construction in the 
middle of the damper). The damper radius R is equal to 2r or twice that 
of the casing. : 

A second method, where the ducts are not on the same level, is 
in Fig. 2. Here the opening of slides A and D_ closing B and C or the 
opening B and C and the closing of A and D will reverse the flow in the 
ducts U and L. a} ; j : 

A third method ‘is' shown in Fig. 3, where the opening of dampers A_ and C 
and the closing of B and D will reverse the flow in ducts U and LL from 
what it would be with B and D open and A and C closed. 


DUCTS—DETAILS OF REVERSING DAMPERS 


OAD WAN-A.LY. CITY. 
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DISTANCE BETWEEN FAN AND HEATER, 


In a draw-through arrangement the minimum allowable distance be- 
tween the fan inlet and the end of the heater is a most important item. 
If this distance is made too short and the transformation from the shape 
and size of the heater outlet down to the shape and size of the fan irlet 
becomes too abrupt, serious results may follow. Of course the sharp 
transformation tends to produce eddy currents and thus increase the 
friction against which the fan must operate, but this is not the most ob- 
jectionable feature resulting. 

When a connection of this kind is too short the air tends to follow 
a straight line which may be drawn from the side of the heater inlet 
to the circumference of the fan inlet and will thus short-circuit a large 
part of the heater near the outlet all around the outside of the heater. 

The United States Government recommends that the angle A, as 
shown in the illustration should be not less than 60° in order to 
avoid this difficulty, while the Buffalo Forge Company gives the follow- 
ing schedule: 


Size of Fan. Length L, 
Inches. Inches. 
Up to 70 18 to 24 
70 to 100 24 to 30 
100 to 130 36 
130 to 170 42 
170 to 200 48 to 54 


; Duct and ‘Flue Details—Length of Fan Connection to Beater. 
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TABLES FOR VENTILATING DUCTS 


The accompanying tables (Nos. 11-E to 11-J, inclusive) give the super- 
ficial area and weights of galvanized sheet-iron rectangular ducts. The tables, 
six in number, embrace all sizes from 1 in. up to 60 in. square. 

In the central portion of each table are placed the cross-sectional dimen- 
sions of the ducts in inches, those in the first (or the last) column representing 
one dimension and the intervening quantities the other dimension. The latter 
are so arranged that all sizes of ducts having the same circumference appear in 
the same vertical column and, therefore, have the same superficial area per 
lineal foot of length. 

The inclined line divides the two portions of the table so as to utilize 
the whole form, and the resulting quantities are read either up or down, 
according to which side of this line the second dimension of the duct occurs. 

For example referring to Data Sheet No. 11-E for 8 in. x 10 in., the 
latter dimension will be found on the other side of the inclined line, and the 
resulting quantities are obtained by reading downward in the column in which 
18 appears, in the same manner as before. 

The quantities given under caption, “Square Feet per Lineal Foot” are 
for actual outside surface and are useful when calculating painting, non- 
conducting coverings and the like. The quantities given under ‘Weight 
per Lineal Foot,” however, have allowances made for seams and are all based 
on the assumption that ducts are cut from 30 in. wide sheets and that one lap 
of 1 in. is required for each sheet so used. In other words, ducts up to 29-in. 
circumference allow one lapping inch; from 30-in. to 59-in., two lapping inches, 
and so on up to 60-in. x 60-in., which having 240 in. circumference are allowed 
9 lapping inches in the table of weights. 

No attempt has been made to allow for waste material, bracing or hanging 
and some percentage should be added to the tabulated quantities to take care of 
these. For ordinary purposes, 10% to 15% will be found sufficient, but ob- 
viously no exact rule can be laid down, on account of the varying conditions 
of practice. 


DUCTS AND FLUES—Area and Weight of Ducts. i No. 11-D 
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TABLES FOR VENTILATING DUCTS. 
Superficial Area and Weight of Galvanized Sheet Iron Rectangular Ducts. 
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TABLES FOR VENTILATING DUCTS. 
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TABLES FOR VENTILATING DUCTS. 


Superficial Area and Weight of Galvanized Sheet Iron Rectangular Ducts. 
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DUCTS AND FLUES—Area and Weight of Ducts. 
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TABLES FOR VENTILATING DUCTS. 
Superficial Area and Weight of Galvanized Sheet Iron Rectangular Ducts. 
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DUCTS AND FLUES—Area and Weight of Ducts. 
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TABLES FOR VENTILATING DUCTS. 
Superficial Area and Weight of Galvanized Sheet Iron Rectangular Ducts. 
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TABLES FOR VENTILATING DUCTS. 
Superficial Area and Weight of Galvanized Sheet Iron Rectangular Ducts. 
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DUCTS AND FLUES—Area ard Weight of Ducts. 
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STANDARD HEATING AND VENTILATING SYMBOLS 


While there are many symbols in use in various parts of the country 
and even by different designers in the same sections, the symbols shown 
below are the ones most closely approximated by a majority of the 


jJargest and most responsible firms engaged in such work. 


It is hardly 


necessary to point out the desirability of universally using the same 
symbols throughout the country and it ts believed that the following are 
clear, practical and easy to make and read. 


(Gaz 


Thermostat 
firs! Floor Supply *~--— 
Second llroa Lh eng 
Pipe Hanger 
Fipe Anchor 
Lx pans(or Joint ak 
Elbow-L, ooting Dr = 
Llbow-Looking Up 
lee-Looking Dn FB 
fee -Loohing Up Tau: 
LY FipeCo// , 
Dormper 

Toivlel Exhousr 
Kilchen Exhaust 
Venio-F/on 
Venlo-£/evotion 
Aulo. Alr Valve 
Check Volye ¥ 
Diaphragin Volve 
Angle Valve 
Safely Valve 


Hor Wooler Fealer ea 


Or at 
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low 
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R-RI Register or Ieeg.face Ti 
TG-BG. Top or Bottom Grille O 


Fl 


oF 


4lr Washer 


Ormntgeme HIGh FES SUKE Steam 


High Pressuré Drip 
Low Fressure Sleam 
LowfFressure Felurn 
Low Fressure Drip 
Trap Discharge. 
Column Radiator - Flor 
Column Rodiolor-Zilev 
WollFeadialor -Fyan 
Woll Racialor-£ lev 
Fupe Coil - Flare. 

Fipe Coi/- Zev 

Supply Duct or flue 
Exhaust Duct or Flue 
Supply Regisler 
Exhaust Fregister 

Trap 

Gole Valve 
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_ Globe Valve 


Walter Sealor Thermo. Irap 
Reducing Valve 

Fislon Pump 

fon 

SMotor: 

Lngine 
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COMPUTING RADIATION. 


In-computing the amount of radiation, the kind of radiator surface to 
be used, its method of installation whether direct, recessed, concealed or 
indirect,-the work it must do and its position in the room—all bear upon 
the matter. Care must be taken to distinguish between actual radiator sur- 
face and equivalent direct radiator surface (E. D. R.). Actual radiator sur- 
face is the actual exposed radiating surface expressed in square feet but 
E. D. R. depends entirely on its efficiency. Equivalent direct ,radiation 
(E. D: R.) is most easily defined as being % lb. of steam (or 250 B. T. U.) 
per hour, this being the approximate condensation of 1 sq. ft. of actual 
cast-iron radiator surface under ordinary operating conditions. 

Thus, if an indirect radiator of 10 sq. ft. actual surface is giving off heat 
at the rate of 400 B. T. U. per square foot per hour (or has an efficiency 
of 400 B. T. U.) its total B. T. U. delivered will be 10 < 400 = 4000, but 
its E D. R. will be 4000/250, or 16 sq. ft. In figuring boiler capacity, pipe 
sizes, and all other calculations relating to the heat delivered, steam re- 
quired or condensation to be handled, the E. D. R. should be used as a basis 
of calculation. 

Having found the B. T. U. required to heat a given room by use of the 
factors and formulae previously given on Data Sheets Nos. 1-7 calculation 
of the required radiating surface is usually made by dividing the total 
B. T. U. to be supplied by 250, which is the assumed efficiency of all radia- 
tion per square foot. While it is true all radiation does not give this 
efficiency (for exact results of tests on different styles of radiators see 
Standard Data Sheet No. 13-A) it is much easier to use the 250 divisor and 
then to add a percentage than to use a multitude of different divisors. 

The only variation from this should be for indirect heaters which, for 
gravity work, are usually considered as having an efficiency of 400 or 500 
B. T. U., and for Re coils, which are usually considered as having an 
efficiency of 300 B. T. U., unless on the ceiling where the undesirable posi- 
tion causes such a reduction of efficiency that 250 B. T. U. is again correct. 

Radiators installed so that the air_does not circulate freely around them 
suffer a loss of efficiency and must be increased as follows: 

Cast-iron radiators on ceiling 

Recessed radiators 

Concealed 

Radiators near doors : 

The increase of radiators near doors is to have extra surface to counter- 
act drafts when the doors are opened and to care for the larger leakage 
loss encountered in such locations. 
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COMPUTING RADIATION. 


In computing the amount of radiation, the kind of radiator surface to 
be used, its method of installation whether direct, recessed, concealed or 
indirect,+the ‘work it must do and its position in the room—all bear upon 
the inatter. Care must be taken to distinguish between actual radiator sur- 
face and equivalent direct radiator surface (E. D. R.). Actual radiator sur- 
face is the actual exposed radiating surface expressed in square feet but 
E. D. R. depends entirely on its efficiency. Equivalent direct radiation 
(E. D: R.) is most easily defined as being % Ib. of steam (or 250 B. T. U.) 
per hour, this being the approximate condensation of 1 sq. ft. of actual 
cast-iron, radiator surface under ordinary operating conditions. 

Thus, if an indirect radiator of 10 sq. ft. actual surface is giving off heat 
at the rate of 400 B. T. U. per square foot per hour (or has an efficiency 
of 400 B. T. U.) its total B. T. U. delivered will be 10 < 400 = 4000, but 
its E D. R. will be 4000/250, or 16 sq. ft. In figuring boiler capacity, pipe 
sizes, and all other calculations relating to the heat delivered, steam re- 
quired or condensation to be handled, the E. D. R. should be used as a basis 
of calculation. 

Having found the B. T. U. required to heat a given room by use of the 
factors and formulae previously given on Data Sheets Nos. 1-7 calculation 
of the required radiating surface is usually made by dividing the total 
B. T. U to be supplied by 250, which is the assumed efficiency of all radia- 
tion per square foot. While it is true all radiation does not give this 
efficiency (for exact results of tests on different styles of radiators see 
Standard Data Sheet No. 13-A) it is much easier to use the 250 divisor and 
then to add a percentage than to use a multitude of different divisors. 

The only variation from this should be for indirect heaters which, for 
gravity work, are usually considered as having an efficiency of 400 or 
B. and for fire coils, which are usually considered as having an 
efficiency of 300 B. T. U., unless on the ceiling where the undesirable posi- 
tion causes such a reduction of efficiency that 250 B. T. U. is again correct. 

Radiators installed so that the air does not circulate freely around them 
suffer a loss of efficiency and must be increased as follows: 

Cast-irataradiators: ONE Ceuling. ..cc.cccenevedercecueess cdsees 

IRECESSEC  FAdIALOLS..« <sasesscecodccssecencossvnesevcce 

Concealed ates he de aisiniess o:ciais <'o's's's ; s+. 40% 

Radiatoree Nea GOOES ae see ne ef fons ho ce ore ete eearonenee. 100% 

The increase of radiators near doors is to have extra surface to counter- 
act drafts when the doors are opened and to care for the larger leakage 
loss encountered in such locations. 
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EFFICIENCY OF RADIATING SURFACE. 


The efficiency of radiating surface varies in different types of 
radiators although not to such an extent as to make any great 
difference in the amount of surface used. The co-efficients of 
efficiency are computed by multiplying the condensation (in pounds 
per sq. ft. per hour) by the latent heat of the steam at its pressure 
and dividing by the temperature difference between the room and 
the steam in the radiator. Otherwise the co-efficient may be said 
to be the number of B. T. U. transmitted per square foot of heat- 
ing surface per hour per degree difference. 

Tests made by Professor J. R. Allen at the University of 
Michigan show those co-efficients to be as follows and column 4 is 
computed from column 3 on the basis of 5 Ibs. of steam pressure 
and 150 degrees temperature difference. 


Type of No. of Pounds Co-efficient Efficiency 

Radiating Condensed per of Transmission of Surface 

Surface. Sq. Ft. per hr. B. T. U, per'deg. B.T. U. per 
Sq. Ft. Per 

CAST-IRON hr. 

1-column 0.212 1.82 

2-column 0.265 1.65 

3-column 0,204 1.45 

6-column 0.217 PSS 

5 sq. ft. wall (vertical) —— 1.92 

5 sq. ft. wail (horizontal) —— 2.11 

7 sq. ft. wall (vertical) —— 1.70 

7 sq. fit. wall (horizontal) —o 1.92 

9 sq. ft. wall (vertical) — 1.77 

9 sq. ft. wall (horizontal) — 1.98 

Bare pipe coils 

1 Pipe high 0.410 2.80 

4 Pipes high 0.425 2.48 

PRESSED STEEL 
2-column — 1.53 
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EFFICIENCY OF RADIATING SURFACE. 


The efficiency of radiating surface varies in different types of 
radiators although not to such an extent as to make any great 
difference in the amount of surface used. The co-efficients of 
efficiency are computed by multiplying the condensation (in pounds 
per sq. ft. per hour) by the latent heat of the steam at its pressure 
and dividing by the temperature difference between the room and 
the steam in the radiator. Otherwise the co-efficient may be said 
to be the number of B. T. U. transmitted per square foot of heat- 
ing surface per hour per degree difference. 

Tests made by Professor J. R. Allen at the University of 
Michigan show those co-efficients to be as follows and column 4 is 
computed from column 3 on the basis of 5 Ibs. of steam pressure 
and 150 degrees temperature difference. 


Type of No. of Pounds Co-efficient Efficiency 
Radiating Condensed per of Transmission of Surface 
Surface. Sq. Ft. per hr. B. T. U, per deg. B.T. U. per 


CAST-IRON 
1-column 
2-column 
3-column 
6-column 
5 sq. ft. wall (vertical) 
5 sq. ft. wall (horizontal) 
7 sq. ft. wall (vertical) 
7 sq. ft. wall (horizontal) 
9 sq. ft. wall (vertical) 
9 sq. ft. wall (horizontal) 
Bare pipe coils 
1 Pipe high 
4 Pipes high 
PRESSED STEEL, 
2-column 
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EXAMPLE OF COMPUTING DIRECT RADIATION. 


Assume a room with three windows and one door with a com- 
puted loss of 20,000 B. T. U. Then the direct radiator surface 
will be 20,000/250 = 80 sq. ft. for either cast-iron radiators or 
pipe coils on the ceiling. 

80 + 10% = 88 sq. ft. for cast-iron ceiling radiators. 

80 + 20% = 96 sq. ft. for cast-iron recessed radiators. 

80 + 40% = 112 sq. ft. for cast-iron concealed radiators. 

If ordinary exposed radiators are used they may be divided 
into four radiators of 20 sq. ft. each—which however, is rather too 
small for practical use. Probably three would be used, two of 27 
sq. ft. and one—near the door—of 54 sq. ft. 

For pipe coils along the walls near the floor the surface would 


be 20,000/300 = 67 sq. ft. 
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EXAMPLE OF COMPUTING DIRECT RADIATION. 


Assume a room with three windows and one door with a com- 
puted loss of 20,000 B. T. U. Then the direct radiator surface 
will be 20,000/250 = 80 sq. ft. for either cast-iron radiators or 
pipe coils on the ceiling. 

80+ 10% = 88 sq. ft. for cast-iron ceiling radiators. 

80+ 20% = 96 sq. ft. for cast-iron recessed radiators. 

80 + 40% = 112 sq. ft. for cast-iron concealed radiators. 

If ordinary exposed radiators are used they may be divided 
into four radiators of 20 sq. ft. each—which however, is rather too 
small for practical use. Probably three would be used, two of 27 
sq. ft. and one—near the door—of 54 sq. ft. 

For pipe coils along the walls near the floor the surface would 


be 20,000/300 = 67 sq. ft. 
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HEAT TRANSMISSION FROM DIRECT RADIATORS 
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Per Deg Temp. Diff.- 

-Pipe Coils 

Well Rad.(Hor.) ‘ 
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*Standard Conditions- Steam 220° 
Room 70*- Temp. Diff. 150° 


Note:- , 
This chart is based on rate of 
transmission of 2% for each 
10° variation from standard? 
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—Steam Temperature — 
—Heat Transmission Of Direct Radiation For Various Steam Pressures & Temp Ditferences:— 


EXAMPLE: Assume a room temperature of 60° F. and a steam temperature of 
230° F., which gives a temperature difference of 170°. This is 20° more than the 
standard conditions of 150°, and allowing 2% for each 10° variation, the values myst 
be increased 4%. Assuming a 2-col. radiator 32 in. high, the factor is 1.71, 

1.71 X 0.04=0.068. 

1.71+4-0.068=1.778 B. T. U. per degree difference. 

1.778 X170=302 B. T. U. transmitted per square foot per hour. 
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RADIATION COMPUTING—Transmission from Direct Radiators 
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HEAT TRANSMISSION FROM DIRECT RADIATORS 
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EXAMPLE: Assume a room temperature of 60° F. and a steam temperature of 
230° F., which gives a temperature difference of 170°. This is 20° more than the 
standard conditions of 150°, and allowing 2% for each 10° variation, the values myst 
be increased 4%. Assuming a 2-col. radiator 32 in. high, the factor is 1.71. 

1.71 X 0.04=0.068. 

1.71+0.068=1.778 B. T. U. per degree difference. 

1.778 X170=302 B. T. U. transmitted per square foot per hour. 
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Based on 12-in. brick wall, furred and plastered. 
For temperatures other than 0° F. 


from radiators, 250 B. i 
multiply the values selected 


For other building materials, 


degree. 
by divi 


TABLE IL 


RADIATION COMPUTING CHARTS. 


Ga Us 


Walls. 


KK factor = 


ding the K factor for the material of which the building is 


o 


Pp 70° FaHe. OutsiDE TEMP. O: 


JPON STEAM RADIATION FOR HEAT LOSS 


a 
i 
= 
cs) 
fe) 
a 
UD) 
rs 
Q 
a) 
IE 
ou 
= 
Q 
sD) 
=) 
Q 
< 
> 
uv. 
ce) 
mi 
Q 
< 
B | 
< 
s 
> 
~ 
ee 


Savuaree Fror Dieect CAST 


‘ls 
HEELS 


Bese iraae| 
22.99 |23.98 |25.05| 
23.10 [24.20 |25,30] 


8.81 asi i20.90 22.00 
,B0| 20.90/22. i 
21.89 |23. : 
22, F 5, 


72Z 


26.4 


41 |2662 


22.00 
23.10 


99 |Z4.Z0 


ie) 
2} 0 
2 
= [Se 
6 


7.60 


287 (13.66 [1445] 15.84 I 
hs.63/14.63 [16.62 [16-72 [17.71 | 
1430] 15.40 | 16.50 |I7.60 [16,70 
Na.96| i607 [172771648 I 
heer ase 

29 [FCT | 


25,4) | 26,62 
[26.5 [27 
04/30, 36) 


[19.36 |20.57|ZI. 78 | 
20,24 |Z145 
Zide 

22.00 


892 


19.80 
oF 


[11.88 | 
12.32 | 
[11.44 [12.87 
[12.32 [13.56] 


Aaa 25. 
714 |27. 32.65 
72129,26|30,80|32.34|33.86 135.42 
[35 [36 [37 [38 [39 |4o0[41 | 42. 


[15.73 |I 
‘ze [29 |s0|51 [32 [33 [54 


7464|25.52 | 


a 


36.96) 


ais 
Lea) 
9 LD 


Ss 


38.39 
4 


34.32 |35.z0|3: 
36.52 [37.40 
38.61 [39.60 


1 |40. 


37.62 


35,53 


31.68 [32.56 |33.44| 
33.66 134.65 
35.64|36.63 


29,92 


[30.80 | 
[31.79 [32.76 | 
[33.66|54.65 


29.92 |30.80 
31.68 |3Z.67 
132.34 |39.44|34.43|35.535 


28.93 


[26.40 [27.26 |20.16 [29.04 
[30.69] 


27.06 [28.05 
28.71 |29.70 
[30.25 |31.35| 


D 
Be 
$ 
a 
S 


"7041.60 |42.79 | 
4, 


Be reo aor 39.7 
38.50 |39.60 |40.70 |41.80 |4Z.9; 
7 [40.37 [41.58 |42.68| 

4 


40 


[34.10 [35.20 [36.30] 
|35.75|36.96 |58.06) 


0.26. 


Heat emission 


add 1.43% for each 
by a factor obtained 
constructed, by 0.26. 


| 5) 
52.80|54.12 
55,00 |56,3Z 
37.20 |56.63|60. 


47.19 |\48.40 


res arstacolsral} 
86 148.07 |49,39|50.6 


[44.99] 46. 


6 
44.00/45. 
45.16/47. 

9,28 


3166.22} 


55.44 


4| 50,16 |51.46 | 
149.50|50.82|52.25 [53.57 
31 {54 55.17 


Bula 
98.52 


544/56. 


50.82 152.36|53.90 
CopryeiGgut D.N CreostHwait,Je 


47. 


1.74149, 


ca 
42.57 


28 |39.60|40.9 
39,82 |41.25 
42.90 |44.33 
66|46.20| 4 


4. 


6.96 


[31.13 [32.34 (33.55) 
é 35.09 baad ; 
10 |35.42|36.63 |37.95 
f 38. i Z 


TAL 


5.64 


ak 


18 [38.61 |40.04 


3713. 


3 


9.24 {10.78 | 
cenmelz5 | ze [27 | 


w 
Q 


| 6 _‘|(2z.00(22.85|z3.76| 


14] 
| 8. | 
eo x 
| ov | 
| 10 _| 


RADIATION COMPUTING—WALL HEAT LOSS CHART. 


11% |)31,57|32.89134.1 


32 |35.75 | 37,07 | 38.50 


38.50|40.0-4 | 41.58 |43.1Z | 4 


33.00| 34. 


12% ||34, 


NO. 


13-E. 


AIRS neat 


NEN NOt rapes ea ep fad kag mga i 


: SR silewnbied erifhalsai etait ag 
ee mi 5.9: = AE rt ee * ‘ # 
A RETA EASY ado sts AAS a wa ; €irat 


. 
: H 
be. % 
i 
‘ 
ras 
Nicene eigen 


ES 
THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, 


z es We Ss PACES 


N. Y. CITY 


eS ESE 


RADIATION COMPUTING CHARTS. 
Windows. 


Based on single thickness of glass. K factor — 1. WHeat emission from radiators, 
250 B. T. U. For temperatures other than 0° F. add 1.43% for each degree. 


54 
ay 


6.53 | 6,76 |699 |7. 


4 5.98 16.26 [6. 
e30|a50|600| 70 [7 


[5.75|6.03| 


[20.3421.16 


8.74 


[62/64 |[6.46/8.83)9.11 
9.11 |: 
9,55|Z 


[ie [750) 762 
7.68 |8.00 |8.37 
8.60 |8. 
i879 [9 2015. 
9.34 | 
5 


8.97 |9.33 


Want 


[ere | 713 [745 


5.75|6.0 
(ez6|6.50|6.90 
fad 
7.87)\8. 
& 
9, 
9. 


745 
7.96 
5 


S/S /S 1a) B18 


D.N. CeostHwait, Jr 


Tt IRON STEAM RADIATION FoR Hear LOSS 
INCLUDING SASH. Roomlemre 70? Fane. Outs!iDE Teme O°F- 
575 | 


_ 


mM 
ne 
Ed 
re 
= 


28° 
5-2" 
3.96 
4.37 
[474 | 


[3.68 | 
4,09 
446 


+26 


In 
ae 


= 


Copy RIGHT 


a 3 


| 24" 
2\4-6| 4-10 


’ 


2.94|3.22|3.49 |3.77 


3.54|3,52|4.14 


3-10|4 


= Oluls|w js 
spree laucle 

SSsv1D si nle!wolalo 
Sue 2 lolelsNisielals| 


Square Fror Direct Cas 
THRouGH Two PANE WINDOWS, 


a RADIATION COMPUTING—WINDOW HEAT LOSS CHART. 


et ee eel eat 


te 
e eee 


“aac 


ratte t Nth halle SE ein ii heats 


= playa connie, sina oe 
b; 
4 i 4 


Pangan Bes cn apr Na aetna Eat len ay a 


a TT 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


RADIATION COMPUTING CHARTS. 


Windows. 


Based on single thickness of glass. K factor = 1. Heat emission from radiators, 
250 B. T. U. For temperatures other than 0° F. add 1.43% for each degree. 
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RADIATION COMPUTING CHARTS. 
The Croney Tables. 


Note: The figures represented in the following sheets are compiled from 
data obtained from Nelson S. Thompson’s “Mechanical Equipment of Federal 
Buildings,” published by the Heating and Ventilating Magazine Company. All 
calculations made with the slide rule. Fractions above 0.5 added and all 
below 0.5 deducted. Wind leakage has been taken care of for ordinary cases 
and is based entirely on the window perimeter. 


Special Leakage Allowance. 

To find the allowance for leakage in any room in cubic feet of air per 
hour, raised from 10° to 70° F., multiply the total estimated radiation by 
the following factors: 


BRICK WALL CONSTRUCTION. 


Cubic feet per hour = 61 X square feet direct steam radiation. 
Cubic feet per hour = 37 X square feet direct water radiation. 


Radiation for Additional Leakage. 


If it is desired to provide for a greater allowance than above use the 


following: 
desired volume per hour 


Additional steam radiation = 
234 
desired volume per hour 


Additional water radiation = 
140 


STONE WALL CONSTRUCTION. 


Cubic feet per hour = 47 X square feet direct steam radiation. 
Cubic feet per hour = 28 X square feet direct water radiation. 
Steam radiation figured at 250 B. T. U. 
Water radiation figured at 150 B. T. U. 


For Vapor Heating: 
Take total direct radiation for steam and work out as follows: 


Total radiation X 250 
——____—_—_————- = radiation for vapor. 


220 


Add 2% per foot for ceilings over 12 ft. high and 20% to all ceiling 
radiators. 
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RADIATION COMPUTING CHARTS. 
The Croney Tables. 


Note: The figures represented in the following sheets are compiled from 
data obtained from Nelson S. Thompson’s “Mechanical Equipment of Federal 
Buildings,” published by the Heating and Ventilating Magazine Company. All 
calculations made with the slide rule. Fractions above 0.5 added and all 
below 0.5 deducted. Wind leakage has been taken care of for ordinary cases 
and is based entirely on the window perimeter. 


Special Leakage Allowance. 

To find the allowance for leakage in any room in cubic feet of air per 
hour, raised from 10° to 70° F., multiply the total estimated radiation by 
the following factors: 


BRICK WALL CONSTRUCTION. 


Cubic feet per hour = 61 X square feet direct steam radiation. 
Cubic feet per hour = 37 X square feet direct water radiation. 


Radiation for Additional Leakage. 


If it is desired to provide for a greater allowance than above use the 
following: 
desired volume per hour 
Additional steam radiation = 
234 
desired volume per hour 
Additional water radiation = 
140 


STONE WALL CONSTRUCTION. 


Cubic feet per hour = 47 X square feet direct steam radiation. 
Cubic feet per hour = 28 X square feet direct water radiation. 
Steam radiation figured at 250 B. T. U. 
Water radiation figured at 150 B. T. U. 


For Vapor Heating: 
Take total direct radiation for steam and work out as follows: 


Total radiation X 250 


= radiation for vapor. 


220 


Add 2% per foot for ceilings over 12 ft. high and 20% to all ceiling 
radiators. 
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RADIATION COMPUTING CHARTS. 


The Croney Tables. 


EXAMPLE. 
To find the amount of steam radiation in a room 12 ft, x 14 ft. x 10-ft. ceiling, 
12-in. brick walls, air space, lath and plaster: 
12-ft. side, facing the north. 
14-ft. side, facing the east. 
Each wall having one window, 4 ft, x 5 ft. 
Ceiling exposed to an attic room having no heat, 
Floor over an ordinary cellar. 


North wall 420i 30 10 Tt: 120 sq. ft. gross wall, 
North glass 4.x 5 it: ft. glass. 


net wall. 
East wail 14 ft. x 10 ft. . ft. gross wall. 
East glass Aiba oo) ete : glass. 


. net wall. 
Ceiling 12 ft. x 14 ft. 
Floor 12 ft. x 14 ft. 
RESULT. 
North wall 100 sq. ft. = . ft. direct radiation. 
East wall 120 sq. . direct radiation. 


North glass 20 sq. ft. ; direct radiation. 
East glass 20 sq. ft. i direct radiation. 


Total . direct radiation. 


On Data Sheet No. 13-I. Column I, marked “Net Exposed Wall,’’ locate 100. Op- 
posite 100 and under “‘N, or N. W.” read 12, which equals the amount of direct radia- 
tion for 100 sq. ft. of net wall. 

On the same table, Column No. 1, marked “Net Exposed Wall,’ locate 120. 
Opposite 120 and under “E. or S. W.” read 12, which equals the amount of direct 
radiation for 120 sq. ft. of net wall. 

On Data Sheet No. 13-R, Column 1, marked ‘“‘Net Exposed Glass,’’ locate 20. Op- 
posite 20 and under “N. or N. W.” read 10, which equals the amount of direct radia- 
tion for 20 sq. ft. of glass. On the same table and under Column “E. or S. W.” 
opposite 20 read 9, which equals the amount of direct radiation for 20 sq. ft. of glass. 

Ceiling table (Data Sheet No. 13-11) equals top floor ceiling of residences, etc., 
and under ‘Area in Square Feet” we locate the nearest to 168, or 160. Opposite the 
160, in Column A, we find 13 sq. ft., which equals the amount of direct radiation for 
160 sq. ft. of ceiling. 

In Floor Table (Data Sheet No. 13-L1,) using the same process as worked out in 
Ceiling Table (Data Sheet No. 13-II) we get 2 sq. ft. of radiation. 

Summary for direct radiation 43 plus 13 plus 22 = 58 sq. ft. of radiation. 

Suppose, for some reason, the designer wants to know what air change per hour 
58 sq. ft. of radiation will take care of. The first thing to do is to find the contents 
of the room, 12 ft. x 14 ft. x 10 ft. = 1680 cu. ft. 

Then on Data Sheet No. 13-G, under ‘Brick Wall Construction,” we find that 
the cubic feet of air per hour taken care of by the amount of radiation installed would 
be 58 times the factor 61, or 3538 cu. ft. hen, since the contents of the room are 
oe ft., we would have 3538 divided by 1680, or approximately 2.1 air changes 
per hour. 

Suppose four air changes per hour are required. Multiply 1680 cu. ft. by 4, which 
equals 6720 cu. ft. air per hour for four air changes. 

The amount of air per hour taken care of by 58 sq. ft. of radiation, as above, 
equals 3598 subtracted from 6720 or 3187 cu. ft. air per hour to be compensated 
for. Dividing 3121 by 234 (Data Sheet No. 13-G) we get 13 plus, or 14 sq. ft. addi- 
tional radiation to add to the 59 sq. ft., or a total of 73 sq. ft. 

Suppose indirect radiation’. was required for the room, ‘The entire result can be 
obtained from Data Sheet No. 13-CC.* First, under column ‘Direct Radiation,” 
and the nearest bead to 39 sq. ft. under ‘“‘Brick Wall.” (In this case take 64 sq. 
ft., owing to indirect radiation.) Then follow across. ‘The next column will show 
1.361 lbs. per hour. Then next column shows 9 sections, of 40-in. Vento, spaced on 
4-in. centers, one section deep. The next column shows 96.75 sq. ft., which is the 
amount of indirect radiation installed in the indirect stack. 

Second, under “Flue Area,’ will be found 270 sq. in. of heat flue for the first 
floor. The next column shows 162 sq. ft. of heat flue for the second floor and 177 
sq. in. of heat flue for the mezzanine floor. 

Third, for either of the above, registers should be not less than 450 sq. in. gross, 
as found in the last column, “‘Register Areas.” 

*Will appear in later issue. 
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RADIATION COMPUTING CHARTS. 


The Croney Tables. 


EXAMPLE. 
To find the amount of steam radiation in a room 12 ft. x 14 ft. x 10-ft. ceiling, 
12-in. brick walls, air space, lath and plaster: 

12-ft. side, facing the north, 

14-ft. side, facing the east. 

Each wall having one window, 4 ft, x 5 ft. 

‘Ceiling exposed to an attic room having no heat. 

Floor over an ordinary cellar. 
North wall 12: ft. x 10) ft. 
North glass 4 ft. x Sit 


120 sq. ft. gross wall, 
20 sq. ft. glass. 


Il 


100 sq. ft. net wall. 
140 sq. ft. gross wall. 


East wail 14 ft. x 10 ft. 
. glass. 


East glass 4 itis 5 ts 


I Il 
i 
So 
a 
a 
ey 


120 sq. ft. net wall. 


Ceiling 12st. x 14 ft. cae 168 sq. ft 
Floor 12 ft. x 14 ft. a 168 sq. ft 

RESULT. 
North wall 100 sq. ft. = 12 sq. ft. direct radiation. 
East wall 120 sq. ft. = 12 sq. ft. direct radiation. 
North glass 20 sq. ft. = 10 sq. ft. direct radiation. 
East glass 20 sq. ft. = 9 sq. ft. direct radiation. 


radiation, 


Total . direct 


On Data Sheet No. 13-I. Column I, marked ‘Net Exposed Wall,’”’ locate 100. Op- 
posite 100 and under “N, or N. W.” read 12, which equals the amount of direct radia- 
tion for 100 sq. ft. of net wall. 

On the same table, Column No. 1, marked “‘Net Exposed Wall,’ locate 120. 
Opposite 120 and under “E. or S. W.” read 12, which equals the amount of direct 
fadistion for 120 sq. ft. of net wall. 

On Data Sheet No. 13-R, Column 1, marked “Net Exposed Glass,” locate 20. Op- 
posite 20 and under “‘N. or N. W.” read 10, which equals the amount of direct radia- 
tion for 20 sq. ft. of glass. On the same table and under Column “E. or S, W.” 
opposite 20 read 9, which equals the amount of direct radiation for 20 sq. ft. of glass. 

Ceiling table (Data Sheet No. 13-II) equals top floor ceiling of residences, etc., 
and under ‘“‘Area in Square Feet’? we locate the nearest to 168, or 160. Opposite the 
160, in Column A, we find 13 sq. ft., which equals the amount of direct radiation for 
160 sq. ft. of ceiling. 

In Floor Table (Data Sheet No. 13-L1,) using the same process as worked out in 
Ceiling Table (Data Sheet No. 13-II) we get 2 sq. ft. of radiation. 

Summary for direct radiation 43 plus 13 plus 22 = 58 sq. ft. of radiation. 

Suppose, for some reason, the designer wants to know what air change per hour 
58 sq. ft. of radiation will take care of. The first thing to do is to find the contents 
of the room, 12 ft. x 14 ft. x 10 ft. = 1680 cu. ft. 

Then on Data Sheet No. 13-G, under “Brick Wall Construction,’ we find that 
the cubic feet of air per hour taken care of by the amount of radiation installed would 
be 58 times the factor 61, or 3538 cu. ft. hen, since the contents of the room are 
Acb.oP bee ft., we would have 3538 divided by 1680, or approximately 2.1 air changes 
per hour. 

Suppose four air changes per hour are required. Multiply 1680 cu. ft. by 4, which 
equals 6720 cu. ft. air per hour for four air changes. 

The amount of air per hour taken care of by 58 sq. ft. of radiation, as above, 
equals 3598 subtracted from 6720 or 3187 cu. ft. air per hour to be compensated 
for. Dividing 3121 by 234 (Data Sheet No. 13-G) we get 13 plus, or 14 sq. ft. addi- 
tional radiation to add to the 59 sq. ft., or a total of 73 sq. ft. 

Suppose indirect radiation’ was required for the room. ‘The entire result can be 
obtained from Data Sheet No. 13-CC.* First, under column “Direct Radiation,” 
and the nearest queasy to 39 sq. ft. under “Brick Wall.” (In this case take 64 sq. 
ft., owing to indirect radiation.) Then follow across. The next column will show 
1.361 lbs. per hour. Then next column shows 9 sections, of 40-in. Vento, spaced on 
4-in. centers, one section deep. The next column shows 96.75 sq. ft., which is the 
amount of indirect radiation installed in the indirect stack. 

Second, under “Flue Area,” will be found 270 sq. in. of heat flue for the first 
floor. The next column shows 162 sq. ft. of heat flue for the second floor and 177 
sq. in. of heat flue for the mezzanine floor. 

Third, for either of the above, registers should be not less than 450 sq. in. gross, 
as found in the last column, ‘Register Areas.” 

*Will appear in later issue. 
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RADIATION COMPUTING—Steam Heating, 12-in. Brick Walls. 
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RADIATION COMPUTING—Steam Heating, 12-in. Brick Walls. 
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RADIATION COMPUTING—Water Heating, 12-in. Brick Wall. No. 13-S 
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RADIATION COMPUTING—Indirect Steam Heating No. 13-CC 
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RADIATION COMPUTING—Steam Heating, Partitions No, 13-EE 
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RADIATION COMPUTING. 
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RADIATION COMPUTING—Water Heating, Partitions 4 No. 13-FF 
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RADIATION COMPUTING. 
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RADIATION COMPUTING. 
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RADIATION COMPUTING. 
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RADIATION COMPUTING—Steam Heating, Ceilings. No. 
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RADIATION COMPUTING. 
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RADIATION CO ter Heating, Ceilings. 
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RADIATION COMPUTING CHARTS. 
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RADIATION COMPUTING—Steam Heating, Floors. No. 13-KK 
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RADIATION COMPUTING 
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(This completes the Radiation Computing Tables). 


RADIATION COMPUTING—Water Heating, Floors. 
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HEAT EMITTED BY DIRECT RADIATION. 


ResearcH Lasoratory STANDARD Data 
American Society of HEATING AND VENTILATING ENGINEERS \ 


Copyricut 1921 


TABLE 1. 


Steam Temperature at 215 deg. fahr. 


Room Temperature at 70 deg. fahr. 


HEAT EMITTED BY DIRECT RADIATION—SINGLE-COLUMN RADIATORS 


38 In. 32 In 26 In 23 In 20 In 

Rated Total Rated Total Rated Total Rated Total Rated Total 

No. of Surface B.t.u. Surface Btu Surface Bt.u Surface Btu, Surface B t.u. 
Sections sq. ft per hr sq ft per hr sq. ft per hr sq. ft per hr sq ft per br 
l 3 1125 25 952 2 770 1.66 654 LS 593 
2 6 1849 5.0 1589 4 1293 8} 1112 3.0 982 

3 9 2578 7.5 2217 6 1807 5.00 1555 4.5 1377 
4 12 3307 10.0 2845 $ 2321 6.66 1997 6.0 1772 

5 15 4035 12:5 3471 10 2835 8.33 2440 75 2168 
6 18 4765 15.0 4098 12 3348 10.00 2882 90 2562 

7 21 5494 17.5 4725 14 3863 11.66 3324 10.5 2957 

8 24 6223 20.0 5354 16 4377 13.33 3767 12.0 3353 
9 27 6950 22.5 5982 18 4891 15.00 4209 13.5 3748 
10 30 7680 25.0 6610 20 5404 16.66 4652 15.0 4143 
ll 33 8408 27.5 7236 22 5918 18.33 5095 16.5 4538 
12 36 9137 30.0 7863 24 6432 20.00 5538 18.0 4932 
13 39 9867 32.5 8489 26 6947 21.66 5980 19.5 5327 
14 42 10594 35.0 9117 28 7459 23.33 6422 21.0 5723 
15 45 11322 37.5 9744 30 7974 25.00 6865 22.5 6118 
16 48 12053 40.0 10372 32 8489 26.66 7309 24.0 6514 
17 ak 12781 42.5 10999 34 9000 28.33 7752 25.5 6908 
18 54 13511 45.0 11624 36 9515 30.00 8193 27.0 7304 
‘19 57 14239 47.5 12250 38 10028 31.66 8635 28.5 7698 
20 oO 14964 50.0 12875 40 10544 33.33 9080 30.0 8094 


RADIATION COMPUTING—Heat Emitted by Direct Radiators, Single Col. ff No. 13-MM 
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TABLE 2. HEAT EMITTED BY DIRECT RADIATION—TWO-COLUMN RADIATORS’ 


; « 

g z » Steam “Temperature at 215 deg. fahr.* Room Temperature at 70 deg. fahr. 

(e) ere pO OOO SS 
: fo 2 45 In. 38 In. 32 In. 26 In. 23 In. 20 In. 
2} < 2 - Rated , Total Rated Total Rated Total Rated Total Rated Total Rated Tota) 
% al 3 No.of Surface B.t.u. Surface B.t.u. Surface B.t.u. Surface B.t.u. Surface B.t.u. Surface B.t.u. 
ie) Q gi Sections sq. ft. per hr. sq. ft. per hr. sq. ft. per hr. sq. ft. per hr. sq. ft. per lr. sq. ft. per hr. 
2 | a fe 1 5 1892 4 1586 3.33 1237 2.66 1100 2.33 967 2 823 | 
= ra & 2 10 2975 tg 2475 6.66 2121 5.33 1736 4.66 1520 4 1313 
J Bg z f° at 4059 12 3373 10.00 2903 8.00 2373 7.00 2093 6 1810 
zm F Bl ad a 4 20 5142 16 4272 13.33 3675 10.66 3010 9,33 2666 8 2304 
N % <> ie ‘5 rave 6225 20 : $172 16.66 4452 13.33 _ $652 11.66 3239 10 2798 
5 ASZ3s| 6 30 738 2 672 200 S20 1600 4289 41400 +9800 ° 412° 3292 
3 4 g g 2 Z 35 8390 28 6972 23.33 5992 18.66 4920 16.33 4376 14 3786 

a aie 3 8 40 9476 32 7869 26.66 6768 21.33 5560 18.66 4943 16 4279 
: a3 9 45 10562 36 8766 30.00 7539 24.00 6197 21.00 5510 18 4772 
fs S Ps 10 50 11645 40 9668 33.33 8323 26.66 6832 25:00 6081 20 5264 
$s Fe 5 : 11 55 12727 44 10567 36.66 9112 29.33 7471 25.66 6648 22 5753 
‘a bey id 5 12 60 13810 48 11467 40.00 9888 32.00 8109 28.00 7213 24 6245 
> = eg 13 65 14892 52 12367 43.33 10662 34.66 8746 30.33. 7780 26 6738 
Hs ea ie 14 70 15974 56 13266 46.66 11436 37.33 9383 32.66 8346 28 7232 
‘ ei 5 15 J 17058 60 14164 50.00 12210 40.00 10020 35.00 8897 30 7728 
z g 3 16 80 18143 64 15062 $3.33 12987 42.66 - 10662 37.33 9464 32 8221 
< 1 < 17 85 19227 68 15960 56.66 13764 45.33 11299 39.66 10032 34 8714 
oO 18 90° 20311 72 16859 60.00 14538 48.00 11933 42.00 10601 36 9209 
4 19 95 21394 76 17758 63.33 15310 50.66 12570 44.33 11167 38 9703 
2 20 100 22478 80 18656 66.66 16080 53.33 13211 46.66 11736 40 10196 
= 
Q 
ie) 
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RADIATION COMPUTING—Heat Emitted by Direct Radiators, Two Col. | No. 13-NN 
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TABLE 3. HEAT: EMITTED BY DIRECT RADIATION--THREE-COLUMN RADIATORS 


Steam Temperature at 215 deg fahr Room Temperature at 70 deg fahr 
a 
45 In 38 In 26 In 23 In 20 In 


Rate: ' Total Rated Total Total Rated Total Rated Total 
No of Surface Btu Surface Btu. Btu Surface Btu. Surface B.t.us 
Sections sq. ft per hr, Sq. ft. per hr per hr sq. ft. per hr sq ft. per hr. 


6 2241 5 1898 1372 3 1138 2.25 

12 3480 10 2955 2195 1816 4.50 

18 4720 15 4013 3017 2496 6.75 
24 5959: 20 5070 3840 3174 9.00 2491 
7197 * 25 6128 4661 3854 11.25 3020 


8435 7185 5485 4532 13.50 3553 
9677 $243 6308 $211 15.75 4084 
10915 9300 7128 5890 18,00 4615 
12155 10358 7952 6569 20.25 5146 
13392 11415 8775 7248 22.50 5679 


14632 12473 7927 24.75 6210 
15872 13530 27.00 6742 
17113 14587 29.25 7273 
18354 15645 31.50 7803 
19593 16703 33.75 8333 


20832 17760 36.00 8863 
22068 18817 38.25 9398 
23306 19872 40.50 9931 
24544 20936 42.75 10464 
25776 21990 45.00 10989 


CopyricHt 1921 
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RADIATION COMPUTING—Heat Emitted by Direct Radiators, Three Col. J No. 13-00 
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TABLE 4. 


HEAT EMITTED BY DIRECT RADIATION—FOUR-COLUMN RADIATORS 


Steam Temperature at 215 deg. fahr Room Temperature at 70 deg. fahr. 
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HEAT EMITTED BY DIRECT RADIATION. 
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ResearcH Lasoratory STANDARD DaTA 
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ee SS 


45 In 38 In 32 In. 26 In 23 In 20 In. 

Rated Total Rated Total Rated Total Rated Total Rated Total Rated Total 

No. of Surfate B.t.u. Surface Btu; Surface B.t.u Surface B.t.u. Surface B.t.u. Surface B.t.u. 

Sections sq. ft per hr sq. ft. per hr sq. ft. per hr sq. ft. per br sq. ft. per hr sq. ft. per hr. 
] 10 3092 8 2567 6.5 2166 5 1730 4 1430 3 1125 
2 20 5000 16 4150 13.0 3513 10 2808 8 2320 6 1823 
3 30 6909 24 5730 19.5 4859 15 3887 12 3211 9 2522 
4 40 8816 32 7315 26.0 6205 20 4964 16 4101 12 3218 
5 50 10725 40 8900 32.5 7550 25 6043 20 4992 15 3917 
6 60 12636 48 10483 39.0 8896 30 7122 24 5882 18 4615 
7 70 14539 56 12069 45.5 10242 35 8198 28 6773 21 5313 
8 80 16445 64 13651 52.0 11588 40 9276 32 7664 24 6011 
9 90 18360 72 15235 58.5 12934 45 10355 36 8554 27 6710 
10 100 20270 80 16816 65.0 14281 50 11435 40 9444 30 7404 
11 110 22176 8&8 18396 71.5 15627 55 12513 44 10336 33 8103 
12 120 24084 96 19978 78.0 16973 60 13592 48 11227 36 8802 

13 130 25987 104 21570 84.5 18320 65 14671 52 12118 39 950 

14 140 27902 112 23150 91.0 19665 70 15750 56 13009 42 10198 
15 150 29805 120 24732 97.5 21011 75 16827 60 13896 45 10895 
16 160 31712 128 26330 104.0 22357 80 17904 64 14784 48 11592 
17 170 33626 136 27921 110.5 23702 85 18981 68 15675 51 12291 
18 180 35537 144 29506 117.0 25049 90 19061 de 16567) 54 12987 
19 190 37430 152 31084 123.5 26395 95 21140 76 17459 57 13685 
20 200 39340 160 32652 130.0 27742 100 22220 80 18352 60 14382 
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TABLE 6. HEAT EMITTED BY DIRECT RADIATION—WALL RADIATORS 


Steam Temperature at 215 deg. fahr. Room Temperature at 70 deg fahr 


2h 


Coryricur 19 


ResearcH Lasoratory Standard Data 
American Sociery of HeatiNc aND VENTILATING ENLINEERS 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N.Y. CITY 
HEAT EMITTED BY DIRECT RADIATION. 


a RADIATION COMPUTING—Heat Emitted by Wall Radiators 
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TABLE 7 HEAT EMITTED BY DIRECT RADIATION—WINDOW RADIATORS ; 
Steam Temperature at 215 deg. fahr. Room Temperature at 70 deg fahr. 
20 In. 
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sRADIATION COMPUTING—Heat Emitted by Window Radiators 
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RADIATION COMPUTING—Heat Emitted by Dir. Rads.—Conversion Factors i No. 13-TT 
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BOILERS 
Boiler Horse-Power and Ratios. 


A flue boiler will evaporate 2 Ibs. of water per hour per square foot 
of heating surface. Now, as the evaporation of 30° lbs. of water per 
hour into steam of 70 Ibs. gauge pressure, when feed water has a tem- 
perature of 100° F., constitutes a horse power, then each 15 sq. ft. of 
heating surface in this type of boiler, with good coal and good draft, will 
generate a horse-power. 

Tubular and water-tube boilers can be made to furnish a horse-power ‘ 
for each 12 sq. ft. of heating surface. Locomotive boilers will develop 1 
horse-power for each 8 sq. ft. of heating surface. Under average con- 
ditions, with feed water at 100° F., and steam at 70 lbs. gauge pressure, and 
3,000 lbs. of water evaporated in one hour in any boiler above mentioned, 
then 3,000 30—100 horse-power developed by that boiler. In actual 
practice, however, the conditions must be reduced to the standard given, 
as follows: 

Rule—Multiply the total heat of steam at pressure carried (minus 
temperature of feed water) by the pounds of water evaporated per 
hour and divide by 33,000 B. T. U.. The quotient will be the pounds of 
water evaporated with feed water at 100° F., and a steam pressure of 70 Ibs. 

Problem—The stem pressure being 90 lbs. and feed water 210° F., 
and 3400 Ibs. of water being evaporated per hour, what is the horse- 
power? Referring to steam table we find that 90 Ibs. gauge pressure (or 
105 Ibs. absolute pressure) contains 1,182° above 32 or 1,182 + 32=1,214. 
Then 1214—210=1,004°, and 1,004 X 3,400— 3,413,600, This -+ 33,000 
= 102 H. P. which would have been evaporated under standard conditions 
with the same amount of heat. 

The horse-power of boilers is best defined by the heating surface of a 
boiler and is different according to its construction. A tubular boiler 
will give one horse-power to every 15 sq. ft. of heating surface; a flue 
boiler every 12 sq. ft.; with a cylinder boiler 10 sq. ft. gives one horse- 
power. There is no standard law goverriing the horse-power of steam 
boilers, but this rule is adopted by most experts as a fair rating. 

One cubic foot of water evaporated per hour 2 nominal horse-power. 

714 lbs. of coal consumed per hour will evaporate about 1 cu. ft. of 
water = 2 horse-power. 

1 sq. it. of grate will consume on average 12 lbs. of coal per hour 
mae Es a a 
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Boiler Horsepower and Ratios. 


“cE 


fee soe eeavernoy age stoke parece cin meaneeneeehny ts lab ioral ts 5 
PV Ye Pea hate wR BR: Bley 
"ASRS Ma ARID RRNA RT HANNA UNM NASrRAD 


aera ee 


bas 


eee 


end 


seca 


Syiahes 


Se 


| 
: 
hy, 
: 
i 
: 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


Baa Ciao 


BOILERS. 


Engine Horse-Power. 


All calculations to find the horse-power of an engine are necessarily 
only approximate, as they are modified more or less by the factors of 
friction in the moving parts, condensation, quality of lubricants, amount 
of load, etc. 

The unit of power is the horse-power; and was first calculated by 
H Watt, the prince of inventors in steam enginery; after numerous experi- 
ments. Watt estimated the power of a good, average draft horse to be 
that which could lift 33,000 lbs. one foot high in a minute, 550 Ibs. in 
fH one second, or 1,980,000 lbs. in an hour. Hence, we have the horse-power 
4 factor, 33,000 Ibs. 


se A « 


RULE TO FIND HORSE-POWER OF AN ENGINE. 


t Area of piston in inches multiplied by pressure per square inch, 
fi multiplied by speed of piston in feet per minute, and that product divided 
H by 33,000 
PLAN 
H. P, =-——____—- 
4 33,000 
t : P= Pounds pressure per square inch, 


F L—=Length of stroke in feet. 
A= Area of piston in square inches. 
N=WNumber revolutions per minute. 

The pressure per square inch should be the mean pressure throughout 
the stroke exerted on the piston, which can be found by attaching an in- 
dicator to the engine. The result will be what engineers term indicated 
horse-power. 

For the net effective horse-power, deduct from the above about one- 
quarter for friction of the working parts. 

When the indicator is not used, and in the calculation the boiler 
pressure is substituted for the mean effective pressure, deduct from the 
result obtained from 40% to 60% for loss by condensation and friction of 
steam in pipes and passages, decrease of pressure in cylinder due to expan- 
sion, back pressure of exhaust, and friction of the working parts. 

For engines from 20 to 60 H. P., and average of 50% may be de- 
ducted; for smaller engines more. 

The mean pressure in the cylinder when cutting off at 

1% stroke equals boiler pressure multiplied by 0.597 

¥% stroke equals boiler pressure multiplied by 

¥ stroke equals boiler pressure multiplied by 

'% stroke equals boiler pressure multiplied by 

3% stroke equals boiler pressure multiplied by 

+ % stroke equals boiler pressure multiplied by 

3% stroke equals boiler pressure multiplied by 

7 stroke equals boiler pressure multiplied by 


Sher Min FBC SSI TO LMR LE ope cP ieee ¢ 43 
§ BOILERS—Boiler Horsepower to Engine Horsepower. 
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BOILER CAPACITIES FOR DIRECT RADIATION. 


To meet the condition where several types of radiation are installed 
on the same heating system, together with other kinds of heating load, and 
at the same time provide for the fact that boiler ratings represent various 
standards of boiler testing, a chart has been devised by the Chicago Master 
Steam Fitters’ Association, which facilitates the approximate estimating 
of required minimum boiler capacity. 

For computing minimum size of boiler required for the average building, 
based upon approved ratings specified in the manufacturers’ catalogs, the 
first step is to reduce all radiation to the equivalent amount of cast-iron 
column radiation. Having totalled this equivalent radiation, find the percent 
to be added as a factor of safety when building is to be heated from 10° to 
70° F., by referring to the chart, reading horizontally according to the key 
number of the desired type of boiler and vertically according to the total 
equivalent radiation. Having added this percentage for safety, add the 
computed equivalent of other heating load and the total gives minimum 
rated capacity of boiler required. 


EXAMPLE 


Find the size of steel down-draft, brick-set boiler required for the 
following installation (Key No. 7 on chart): 
0 sq. ft. of direct cast-iron column radiation in rooms to be heated 

from 10° to 70° F. 

(2) 500 sq. ft. of direct cast-iron column radiation in rooms to be heated 
from—10° to 50° F 

(3) 500 sq. ft. of cast-iron wall-type radiation, or wall pipe coils (being 
the equivalent of 625 sq. ft. of cast-iron column radiation) in rooms 
to be heated from—10° to 50° F 

(4) 500 sq. ft. of indirect radiation 

(5) 500 sq. ft. of direct-indirect radiation. 

(6) 250 gal. hot water tank. Water to be heated with steam coils. 

(7) 500 sq. ft. of cast-iron fan blast radiation, regular sections, 5-in. 
centers, 1000 ft. velocity, air taken from out of doors—10° to F. T. 

F. Radiation three stacks deep. 
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(See Key No. 7 and 3700 load, on chart) 
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BOILERS—Boiler Capacities. 
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BOILER CAPACITIES FOR DIRECT RADIATION 
(Concluded from Data Sheet No. 49-B) 


RADIATION LOAD 
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RADIATION LOAD 


FACTOR OF SAFETY 


a NOTE—No boiler to be installed having grate longer than 72” 


RADIATION LOAD 


g 
Li -] 


192 | 92 
701)-699) 
(65 | 68 
'378) $74) 57 |. 
538| 536|.535) 533 
318).315|.313 
-27 |.268}.265|.263).2 
29 |-2891.287| 285). 
24 [2391.37]. 235! 
20 | 20 20 17 


Ky 
i 
a 
a 
ry 
5 
6 
7 
iG 
9 


FACTOR OF SAFSTY 
OVER RADIATION LOAD 


29-|.20.).20 
NOTE—N> boiler to be installed having grate longer than 72” 


The key numbers given on the chart refer to boilers of the following 


types: 
A KEY 
1—American Radiator Co., type “C” 6—Oil City portable 
2—Bryant Heater & Mig. Co., gas boiler 6—Pacific portable 
2—Cast-Iron up-draft 6—Herbert down-draft 
Ke 3—American Radiator Co., type “A” 7—Kewanee smokeless 
; 4—Cast-Iron Smokeless (approved type) 8—Herbert up-draft F 
5—Cast-Iron, magazine type 9—Kewanee up-draft 


10—Kewanee up-draft with approved arch. 


BOILER CAPACITIES. 
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CHIMNEYS 


Note:—The following tables and memoranda on chimneys are selected 
from a discussion of the subject by Harold L. Alt, which appeared in 
THE HEATING AND VENTILATING Macazinr for March and April, 1917, and to 
which the reader ts referred for more complete information. 


The most common error made in regard to chimneys is that of not dis- 
tinguishing between the size (which governs the volume of smoke they can 
handle) and the height (which determines the intensity of the draft). A 
chimney may be high enough yet with an area too small to do the work 
required. On the other hand it may be large enough but too Jow to produce 
a draft of the strength required to pull the air through the fire and up the 
chimney at a sufficiently rapid rate. Eeither fault, or a combination of both, 
will result in unsatisfactory service and will require remedying. 

Heated air expands and occupies a greater volume than the outer air 
of a lesser temperature, so if a cubic foot of air outside the chimney weighs 
0.07 Ibs. and a cubic foot of the chimney gases at their higher temperature 
weighs only 0.04 Ibs. then every vertical foot of air in the chimney means 
an unbalanced pressure of 0.07 —0.04, or 0.03 Ibs. per square foot at the 
base. This unbalanced pressure has a tendency to equalize by the rising of 
the lighter gases but since their place is taken by more heated gases coming 
directly from the fire the temperature, of course, never does equalize and 
the action continues its operation as long as the fire is kept burning. 

From this basic principle all chimney action is governed and many 
chimney failings can be explained. For instance, the draft of a chimney 
is never as good in summer as in winter because the outside air is colder 
in the winter, the expansion of the chimney gases at the same temperature 
is, therefore, relatively greater and the intensity of the chimney draft is con- 
sequently increased. 

Chimneys have to overcome their own losses, these losses consisting 
of the friction of the gases rubbing against the sides in their upward passage. 
For this reason a circular-shaped flue is most desirable, the next, square, and 
after that oblong with the long side not more than double the length of the 
short side. In flues where it is necessary to exceed this proportion fwo 
separate flues of more desirable shape can sometimes be used with advantage. 

The most efficient chimney, as far as draft is concerned, is one built 
perfectly straight from the bottom up, round (or nearly round) in the 
shape of the interior flue, and lined with tile, or with the interior surface 
made as smooth as possible by other means. There is no advantage in taper- 
ing the inside of a chimney to a smaller size toward the top—this only retards 
the flow of the gases. 

A. square chimney can hardly be figured as having its full area effective, 
a deduction of 10% to 15% being necessary on account of the spiral move- 
ment of the gases leaving the corners dead and inactive. With an oblong 
shape the effect is worse, a deduction of 25% being none too much. The 
use of tile flues will not only aid this slightly, owing to their rounded corners, 
but will also safeguard much of the fire risk otherwise due to mortar falling 
out between the bricks as time passes and leaving openings through which a 
spark might pass. As the tile serves to retain the gases and smoke it also 
prevents leakage which can spoil a chimney action at any time, no matter how 
perfectly the flue may otherwise be built. 


CHIMNEYS. 
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RESIDENCE CHIMNEYS 


The ordinary residence usually employs a chimney between 25 and 60 ft. 
high, the area being proportional to the size of the house and it is interesting 
to note that it is possible to burn No. 1 buckwheat coal with a chimney 55 it. 
high, if the fire bed is not made too thick. Down-draft boilers should have 
chimneys at least 60 ft. high to operate successfully. 

Having a chimney built upon desirable lines, as far as draft is concerned, 
it may, of course, still be too small, and in this connection it might be said 
that no flue should be made Jess than 8 in. diameter or 8 in. X 8 in. square. 
Under ordinary conditions, with steam, furnace, or water heating, the 
following sizes of flues given in the table will be found to give satisfaction 
in residences whose cubic footage does not exceed the amounts shown: 


SIZES OF FLUES FOR RESIDENCES. 


Cubic Contents of Building. Round. Square. 
Cubic Feet. Inches Diam. Inches. 
20,000 8 

40,000 x 

60,000 x 

110,000 x 

120,000 x 

130,000 x 

150,000 x 


When flue tile is used the interior dimensions are not in even figures, 
the exact dimensions of commercial sizes being given in the table below: 


COMMERCIAL SIZES AND AREAS OF FLUE TILE. 
Square or Oblong Circular 


Outside Dimensions, Inside Dimensions, 
Inches. Inches 


8% X BY 


8% X 13% 


Ta uIS 
13 X 18 


18 X 18 


CHIMNEYS—RESIDENCE, 


k RT Crsgay AR oy ene Pte Rey ha eet 


By \ i 7 
Cate tk ce lamas’ 


eek! 


ee ; 
iy ‘ 
=| i 

| 

P| Sa 

an f B 

\ 7 

‘ 


ea! i eine ee 
pian 2a nee NSU a UNA NH na SP ldap ene ceeererireianneiagnny® Pr et eye nin a sooner 


hie! A spl) 


ya Wed 7 


WAS 


etn si en 


Beas 


pon gta SP x = 


WENA Me Ne teens eMC CAM IT) hr uh ied bene Oh Any Vy Li LA, 


ee ee 


nse pene 


— 


nose ee 


— 


oe 


Se oe 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


RESIDENCE CHIMNEYS 


When square or rectangular chimneys are designed for fire places which 
burn wood or bituminous coal they are usually made with an area of 10% 
to 12% of the fire place opening, while with round flues the area may be 
reduced to 8%. For anthracite coal the rectangular or square flue may be 
reduced to 8% and the round flue to 6%. Ordinary stoves are readily served 
with an Sin. X 8 in. flue, provided no other connections are made to it. 

All chimney walls should be 8 in. thick to avoid danger of fire from 
sparks working through the joints, and the building laws in some cases 
demand not only 8 in. thick walls but tile linings as well. 

The height of residence chimneys, as before mentioned, is usually of small 
moment, since the use of larger sizes of anthracie coal is common under 
such conditions. The draft, however, ought to approximate in inches of 
water the various values given in the table below after being in use twenty- 
four hours and with all the inlets suddenly closed. 


DRAFT IN CHIMNEYS FOR RESIDENCES. 


Temperature of Outgoing Gases, Deg. F. 
00 25 


Height in Fee. 
Water 


0.12 
0.09 


The figures given are about 90% efficiency of the theoretical draft which 


an absolutely tight chimney would show and a properly constructed chimney 
should approximate these figures. 
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: CHIMNEYS. 
Coal and Air per Boiler Horse-Power. 


The first factor to develop in determining the proper diameter and 
height of the chimney required is the maximum number of pounds of 
coal burned per hour and the number of pounds of air required. If the 
actual boiler horsepower to be developed at the maximum can be com- 
puted or assumed the number of pounds of coal for various efficiences 
may be read directly from the following table: 


REQUIRED POUNDS OF COAL AND AIR FOR HORSEPOWERS AT VARIOUS 


EFFICIENCIES 
POUNDS OF COAL PER BOILER H. P. DEVELOPED 
Total Lbs. of 
Lbs. of 4 4% 5 5% 6 6% 7 Air per 
Coal . Sec. 
HORE POWER DEVELOPED 
50 12 11 10 9 8 8 7 0.25 
100 25 22 2 18 16 15 14 0.5 
150 17 33 30 27 25 23 21 0.75 
200 50 44 40 36 33 31 2 1.0 
300 75 67 60 55 50 46 43 ss 
500 125 111 100 91 83 77 71 2.5 
750 187 167 150 136 125 115 107 Sie 
1,000 250 222 200 182 167 154 143 5.0 
1,500 375 333 300 273 250 231 214 7.5 
2,000 500 444 400 363 333 308 286 10.0 
2,500 625 555 500 455 416 385 357 12.5 
3,000 750 667 600 545 500 461 42 15.0 
4,000 1,000 889 800 727 667 615 571 20.0 
5,000 1,250 1,111 1,000 909 833 769 714 25. 
7,500 1,875 1,667 1,500 1,364 1.250 1,154 1,071 38 
10,000 2,500 2,222 2,000 1,818 1,667 1,538 1,429 50. 
15,000 3,750 3,333 3,000 2,727 2,500 2.308 2,143 73s 
20,000 5,000 4,444 4,000 3,636 3.333 3,077 2,857 100 
30,000 7,500 6,667 6,000 5,454 5,000 4,615 4 286 150. 
40,000 10,000 8,889 8,000 7,273 6,666 6.154 5,714 200 
50,000 12,500 11,111 10,000 9,091 8,333 7,692 7,143 250 
75,000 18,750 16,667 15,000 13,645 12,500 11.538 10,714 375 
100,000 25,000 22,222 20,000 18,181 16,667 15,384 14,286 500 
125,000 31,250 27,778 25,000 22,745 20,833 19,230 17,857 625 
150,000 37,500 33,333 30,000 27,273 25,000 23.076 21,428 750 


200,000 50,000 44,444 40,000 36,363 33,333 30,768 28,576 1,000. 
400, 000 100,000 88,887 80,000 72,727 66,667 61,536 57,143 2,000, 


500,000 111,111 100,000 90,909 83,333 76,923 71,428 2.500. 
750,000 136.455 125,000 115,380 107,143 3,750, 
1,000,000 142,860 5,000. 


N. B.—The above horsepowers are not rata boiler horsepowers, but are actual de- 
veloped boiler horsepower. 


CHIMNEYS—Coal and Air Per B. H. P. | No, 100-C. 
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CHIMNEYS 


Draft Loss in Fire and Boiler. 


The next factor consists of determining the draft loss through the fire, 
this loss varying according to the number of pounds of coal burned per square 
foot of grate and the quality of coal used. 

Tests show that under average conditions the loss of draft through the 


fire runs about as follows: 
DRAFT LOSS IN FIRE. 


(In. of water) 


POUNDS OF COAL PER SQUARE FOOT PER 
HOUR BURNED ON GRATES 
15 20 25 30 35 40 45 
Anthracite 
1.24 
0.68 
0.45 
Bituminous 
Semi bituminous : ; 4 0.26 
0.22 


0.15 


0.10 
0.23 


no 


0.90 
0.45 
0.38 
0.27 


0.16 
0.44 


SoS SoS 
We Drow ao. 
—pOmN 


For ordinary installations the burning of 5 lbs. of coal per horsepower is 
usually assumed. The maximum number of pounds of coal which a boiler 
must consume divided by the grate area in square feet will give the number of 
pounds of coal burned per square foot of grate. 


The draft losses in boilers run about as follows: 


Type of Boiler. Per cent of Nominal Rating Developed 
100 150 200 

Loss in Inches of Water 
Water Tube 0.25 0.40 0.70 
LNA A 0.20 0.30 0.45 
Vertical 0.10 0.15 0.20 


As heating boilers are seldom run at any overload, 0.25 or 0.30 may be taken 
as covering the draft loss in any such boiler. 
Economizers add 0.30 in. to the draft loss. 
Draft losses for bends and smoke breeching are: 
Steel Flues per 100 ft. run 0.10 in.; for each 90° bend, 0.05 in. 
Concrete per 100 ft. run, 0.20 in.; for each 90° bend, 0.10 in. 


Note.—Include every bend from the boiler uptake to the stack, counting the turn 
upward in the stack as one bend, 


CHIMNEYS—DRAFT LOSS IN FIRE AND BOILER. | NO. 100-D. 
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CHIMNEYS. 
Draft Loss, Theoretical and Effectual. 


The draft loss in the stack should run about 0.20 in. per 100 ft. 
of height in order to get economical construction, 

The “effective” draft is the theoretical draft produced by the stack, 
with gases at a given temperature, less the loss produced by friction. 
The theoretical draft is shown by the curves in Sheet No. 100-F. 

Air at higher elevation than sea level expands and requires a 
chimney of larger area to handle the same number of pounds at the 
same velocity and friction loss. The table below gives the percent- 
age of increase for various heights up to 10,000 ft. above sea level. 


FACTORS OF AIR AT VARIOUS ELEVATIONS. 


Elevations 


Above Air Pressure Increase 
Sea Level Per Sq. in. Cubic Feet In Volume 
Feet in Pounds Per Lb. % 

14.7 13.33 0.000 
1,000 14.2 13.80 0.034 
2,000 Dod 14.31 0.073 
3,000 13.2 14.84 0.113 
4,000 12.7 15.43 0.158 
5,000 12.2 16.07 0.203 
6,000 11:7 16.75 0.257 
8,000 10.7 18.31 0.373 
10,000 9.7 20.20 0.514 


CHIMNEYS—Draft Loss, Theoretical and Effectual. 
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FORMULA: D=.5Z%H« «P(4- 4) WHEN O'IS THEO. DRAFT, H HEIGHT OF 
STACK, ‘PAIR PRESSURE IN LBS., TAB. OUTSIDE TEMPS t AB STACKTEM, 


TAEORETICAL DRAFT IN INCHES OF WATER 
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CHIMNEYS—THEORETICAL DRAFT OF STACKS. NO. 100-F. 
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POUNDS OF GAS PER SECOND PASSING UP STACK | 
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CHIMNEYS—FRICTION LOSSES IN STEEL STACKS 
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CHIMNEYS. 
Summary and Draft Reading. 


To summarize: 
‘a) Add together all friction losses (including those of the fire, boiler, 
breeching, turns, etc.) and allow 0.20 in. for chimney loss and 0.10 in. for 
safety. The result is the theoretical draft required to overcome all 
such losses. 
(b) Read the required height of stack from the table of theoretical 
draft, using the line of proper elevation above sea level. 
(c) Modify the loss in stack of 0.20 in. per hundred feet to suit the 
theoretical height found. Thus, for a theoretical draft requiring a stack 
150 

150 ft. high the 0.20 loss would become 0.20 X = 0.03 and a new height 
100 

must be re-read to offset the added friction. 

(d) Read the diameter for brick or steel stacks on the basis of pounds 
of air per second handled and increase area—for heights above sea level— 
by percentage for increase of air volume. 

Note: Measurement of the draft in a chimney is made by a draft gauge which, in 
its simplest form, is nothing but a glass tube of U-shape, one end oi which is con- 
nected to the base of the chimney and the other end left open to the air. 

The suction or draft of the chimney will raise water placed in the tube so that the 
water in the leg connected to the chimney stands higher than that in the leg open to the 
atmosphere, this being due to the unbalanced pressure and proportional thereto, The 
difference in level between the two columns of water is measured in inches, this difference 
being termed the draft in “inches of water.’’ Some draft gauges have the legs of the U 


inclined only a few degrees off the horizontal so that a rise of small amount causes a large 
movement horizontally along the inclined tube on which fine graduations can be read. 


To take a theoretical draft reading (which is the most accurate method to 
pursue) see that the temperature of the flue gases is known at the time of 
taking the reading and that a tight damper can be closed in the smoke pipe. 
Connect the draft gauge to the chimney, take the flue-gas temperature and 
then quickly close the smoke pipe damper and read the draft gauge as soon 
as it reaches the highest fixed point. 

For points above sea level the readings will be Jess than that shown in 
the table, the percentages being for 


POON LEM a5) tae Ata Mana ashe ctowan sh 94 90 
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Thus, a chimney 50 ft. high and at 250° F. temperature at sea level should 
have a draft of 0.26 in., but at 6,000 ft. elevation it should have 0.26 X 92% 
or 0.24 in. 


CHIMNEYS—Summary and Draft Reading. No, 100-1. 
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CHIMNEYS 
Example for Steel Stack. 
For example, suppose a steel stack, lined, at sea level is to be designed to serve: 
7 _ 5ix—250 H.P. boilers, with four of them in service at 50% overload in extreme 
weather, or six in service at normal rating. 
Coal to be burned, bituminous, run-of-mine; 
Breeching, steel, 75 ft. long—square— 
Turns, one—90° up from boiler, 
, One—90° into the breeching, 
One—90° towards stack and 

One—90° up into stack. 

: Turning to Standard Data Sheet No. 100-C and assuming 5 Ibs. of coal per horse- 
power, it is found in the columns under the heading ‘Pounds of Coal per Boiler H. P.” 
and in the column under the heading “5” that 1,500 B. H. P. will require 7,500 lbs. of 
coal per horsepower (in the extreme left-hand column) and that the ‘‘Pounds of Air per 
Second’”’ (in the extreme right-hand column) is 38. 

If each boiler has 80 sq. ft. of grate surface, with six boilers in service, the total grate 

m surface would be 6 X 80 sq. ft., or 480 sq. ft., but with only four in service the total 

Mm 6©6grate surface would be only 4 X 80 sq. ft., or 320 sq. ft. 

7,500 Ibs. of coal 1/320 = 24 lbs. per square foot at 150% rating. 
7,500 lbs. of coal 1/480 = 16 lbs. per square foot at 100% rating. 
On Standard Data Sheet No. 100-D it is found that the fire loss for run-of-mine 
bituminous coal at 25 lbs. per square foot is 0.14 in. and, for 15 lbs. per square foot, 0.08 in. 
The boiler loss may be assumed at 0.25 in., at full rating, or 0.40 in., at 150%. 
Smoke-breeching loss totals: 
0.1 X 75/100 = 0.075 for straight pipe 
Four bends @ 0.05 = 0.20 for bends. 
0.28 in. total for bends and breeching. 
Assumed for stack, 0.2 in. per 100 ft. of height 
The total draft loss is then equal at 
100% Rating 150% Rating 
Inches water. Inches Water. 4 
Fire 0.08 0.14 
Boiler 0.25 0.40 
Breeching 0.28 0.28 
Stack 0.20 0.20 
Contingencies 0.10 0.10 


= 0.21 in. making 0.92 total, requiring, possibly, 103 ft. actual height. As the stack is 
lined, the friction loss will be the same as a brick chimney and on Standard Data Sheet No. 
100-H the point under the arrow and opposite 38 Ibs. of air per second is found to be 
almost on the 72-in. line, this diameter of stack being correct for the 100% rating. 

For 150% rating, by similar procedure, the required height of stack is found on 
Standard Data Sheet No. 100-F to be 127 ft. and the friction loss will be 0.2 & 127/100 
= 0.25, or 1.17 in. making about 130 ft. height required. Since, under these conditions, 
the chimney friction loss is 0.25 in., by referring to Standard Data Sheet No. 100-H— 
opposite 38 lbs. of air per second and under 0.25 in. loss, the intersection falls on 72 in. 
diameter exactly. This shows that the diameter is the same in each case because, of 
course, the quantity of gas is the same, but the height must be increased when forcing the 
four boilers to 150% of their ratings. } 

Now suppose this stack were to be located at a point 5,000 ft.“above sea level. Then 
the theoretical draft must be 1.12 in. as before, but, referring to Standard Data Sheet 
No. 100-F, it is found that 5,000 ft. requires a stack 158 ft. high. ‘The friction loss is 
then 0.2 X 158/100 = 0.31 in. and this will increase the total friction by 0.31—0.2 or 
0.11 in., making 112 + 0.11 = 1.23 in. ‘This re-applied to the curve shows a stack 
actually required 172 ft. in height. $ nA : 

Then, with a stack friction of 0.31 in. of water, on Standard Data Sheet No. 100-H, 
under 0.31 in. and opposite 38 Ibs. of gas per second is found a point close to the 72 in. 
diameter line. Reference to the table on Standard Data Sheet 100-E shows that the 
volume at 5,000 ft. is increased 20%. The area of a 72-in, stack is about 28 sq. ft. which, 
increased by 20%, is 28 + 28X 0.2, or 33 sq. ft. which is about a 78-in. stack. 


CHIMNEYS—EXAMPLE FOR STEEL STACK. i NO. 100-J. 


91 1.12 
From Standard Data Sheet 100-F the curve at sea level shows that the stack (for 
100% rating) must be about 103 ft. high, increasing its friction loss to 0.2 in. X 103/100 
u 
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CHIMNEYS. 


Costs. 


As far as the cost of chimneys is concerned, this is a rather vari- 
able amount and depends on the material of construction, the founda- 
tion necessary, location of job, etc. The ordinary materials of con- 
struction are common red brick, radial brick, steel and concrete. Steel 
stacks are divided into lined and unlined or partially lined and also into 

H self-supporting and guyed stacks. Steel is the most unstable of the ma- 

f terials mentioned, these stacks lasting 10 to 12 years and requiring 
frequent painting; they rust rapidly when not in service Lined steel 
stacks have a lining of fire brick to protect them from the action and 
heat of the gases contained. 

Brick stacks last a long time, while concrete is practically indes- 
tructibie if properly erected. Radial brick chimneys are built of 
special radial brick which have five or six holes about 1 in. in diameter 
running through them vertically. 

The cost of chimneys per horsepower will run about as follows for 
the maximum horsepower which they will handle: 


Up to 100 ft. high 4 ft. to 6 ft. dia., $2.50 to $4.50 per H.P. 
Up to 125 ft. high 6 ft. to 12 ft. dia., 2.30 to 3.75 per H.P. 
Wpitorts0 tt. hich 8. ft. tovl4 ftodia,, 2.25.to . 2:75 per HP. 
Up to 175 ft. high 10 ft. to 14 ft. dia., 1.75 to 2.00 per H.P. 
Up to 200 ft. high 12 ft. or over dia. 2.00 per H.P. 


eR Fa 


_ If the cost of a radial brick stack be taken as unity the compara- 
tive cost of other constructions wrll vary about as follows: 


Cost per 
Horsepower 

aia ek Pick ita ccs oe eer ills, ALIA U Ke \ ougthaln state ain 1.00 
(OM Mes EC BO TTOK uli pls Meine dale eis Sadeae Chane voe ead te 1,25 
Steel,—self-supporting,—limed =o... 2.0. wc ecw ee cee 1.23 
Steel,—self-supporting,—partially lined ............... 1.14 

' Steel,—self-supporting,—unlined Bsns Lai a eee SES sch Rl Seo ; 
Sule eve PLINER NRA UM ace hing elements st pot bee tae ae 1.00 ' 
Steel —renyed, partially limed sie lee. ee bei eae 80 
steel ——cuyed, unhmed 2 fyi. he ak ‘Wa SRLS 2 60 


CHIMNEYS—Costs. 
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RULES FOR FLANGED FITTINGS. 
American 1915 Standard, Standard Weight. 


1. Standard reducing elbows carry same dimensions center-to-face as 
regular elbows of largest straight size: 

2. Standard tees, crosses and laterals, reducing on run only, carry 
‘same dimensions face-to-face as largest straight size. 

3. here long-turn fittings are specified, it has reference only to 
elbows which are made in two center-to-face. dimensions and to be known 
as “elbows” and “long-turn elbows,” the latter being used only when so 
specified. 

4. All standard weight fittings must be guaranteed for 125 lbs. work- 
ing pressure, and each fitting must have some mark cast on it indicating § 
the maker and guaranteed working steam pressure. 
2 5. Standard weight fittings and flanges to be plain faced, and bolt holes § 
i) to be % in. larger in diameter than bolts; bolt holes to straddle center lines. 

6. Size of all fittings scheduled indicates inside diameter of ports. 

7. Square head bolts with hexagonal nuts are generally recommended 
for use. 

8. Double-branch elbows, side-outlet elbows and _ side-outlet tees, 
whether straight or reducing sizes, carry same dimensions center-to-face 
fi and face-to-face as regular tees and elbows. 

4 9. Bull-head tees or tees ifitreasing on outlet, will have same center- 
i to-face and face-to-face dimensions as a straight fitting of the size of the 
outlet. 

10. Tees, crosses ‘and laterals 16-in. and smaller, reducing on the 
outlet, use the same dimensions as straight sizes of the larger port. 

Sizes 18-in. and larger, reducing on the outlet, are made in two 
lengths, depending on the size of the outlet, as given in the table of 
dimensions. 

11. For fittings reducing on the run only, a long-body pattern will be 
used. Y’s are special and made to suit connections. Double-branch elbows 
are not made reducing on the run. 

12. Steel flanges, fittings and valves are recommended for super- 
heated steam. 

13. If flanged fittings for lower working pressure than 125 lbs. are 
made, they shall conform in all dimensions, except thickness of shell; to 
this standard and shal’ \ave the guaranteed working pressure cast on each 
fitting. Flanges for these fittings must be standard dimensions. 


|FITTINGS—Rules fc’ 1915 Std. Wt. Flanged Fittings. } No. 107. | 
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FITTINGS. 
1915 Standard Weight Flanges and Bolts. 


125 Lbs. Working Pressure. 


PIPE FLANGE BOLTS Bolt Holes | 
Size in. diam. Diam. in. Thickness in, No. Size Bolt circle Size 
P T In. diam. In. B.C. In. diam. 
1 7/16 4 7/16 3 9/16 
1 1/4 41/2 1/2 4 7/16 3 3/8 9/16 
bet/2 5 9/16 4 1/2 3 7/8 5/8 
2 6 5/8 4 5/8 4 3/4 3/4 
21/2 7 11/16 4 5/38 5 1/2 3/4 
3 71/2 3/4 4 5/8 6 3/4 
3 1/2 8 1/2 13/16 + 5/8 7 3/4 
4 9 15/16 8 5/8 7 1/2 3/4 
41/2 9 1/4 15/16 8 3/4 7 3/4 7/8 
$ 10 15/16 8 3/4 8 1/2 7/8 
6 11 1 8 3/4 9 1/2 7/8 
7 12 1/2 Pe WAKe 8 3/4 10 3/4 7/8 
8 Lan K2 1 1/8 8 3/4 11 3/4 7/8 
9 15 1 1/8 12 3/4 13 1/4 7/8 
10 16 1 3/16 12 7/8 14 1/4 1 
12 19 Yuki se 12 7/8 17 1 
14 21 1 3/8 12 1 18 3/4 1T/s 
15 22 1/4 1 3/8 16 1 20 1 1/8 
16 Zon ii2 1 a16 16 1 21 1/4 1 1/8 
18 25 1 9/16 16 Te Lys 22 3/4 1 1/4 
20 27 1/2 1 11/16 20 Valls 25 1 1/4 
22 29 1/2 1 13/16 20 1 1/4 27 1/4 1 3/8 
24 32 1 7/8 20 i yes 29 1/2 1 3/8 
26 34 1/4 2 24 1 1/4 31 3/4 1 3/8 
28 36 1/2 2 1/16 28 1 1/4 34 1 3/8 
30 38 3/4 2 1/8 28 LyS/8 36 iy 2 
32 41 3/4 2 1/4 28 1-1/2 38 1/2 1 5/8 
34 43 3/4 2) {S16 32 leely2 40 1/2 1 5/8 
36 46 2 318 32 1 1/2 42 3/4 1 5/8 
38 48 3/4 2 3/8 oe 1 5/8 45 1/4 1 3/4 
40 50 3/4 2 1/2 36 15/8 47 1/4 1 3/4 


FITTINGS—Std. Wt. Pipe Flanges and Bolts. 
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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


1915 Standard Weight Elbows and Reducers. 
125 Lbs. Working Pressure 


Pa 


Reducing Elbow. 


Double-Branch 


Elbew. Reducer. 


FLANGE 
DIMENSIONS, In. Diain. Thickness 
B In. 

7/16 
1/2 
9/16 
5/8 
11/16 
3/4 
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15/16 
1/2 15/16 


1/2 
1/2 


1/2 
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FITTINGS—Std. Wt. Elbows and Reducers, Flanged. NO. 107-B. 
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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


1915 Standard Weight Crosses and Laterals. 


125 Lbs. Working Pressure 


STRAIGHT TEE. STRAIGHT CROSS. STRAIGHT LATERAL, 


PRIZE)" FLANGES 
‘In. Diam, DIMENSIONS In. Diam. Thickness 
R D E in: 


> 


Tiavp2 
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FITTINGS—Std. Wt. Straight Tee Crosses and Laterals, Flanged. | NO. 107-C. 
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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


STANDARD BULL-HEAD REDUCING TEES AND CROSSES— 
FLANGED 


nN kB 
7. eee 
Bullhead Tee. Reducing-on-Ruti and Pranéh Tee and Cross. 


4“ = 


SIZE DIMENSIONS, IN. ._ FLANGES 
In. Diam, Diam. Thickness 
R BRANCH “B" A&J K vIn. In. 
1 47 7/16 
Pegs} or less 3B/4n6o 18 / ENR 6 , , - '4 1/2 1/2 
1/2/51 1/45" 4 Si Nete=A reductio#i in 5, 9/16 
2 RD ies 41/2 41/2 sizeonthe run doesnot 6 5/8 
91/2 2 a 5 & affett the dimensions 7 11/16 
3 Cha Vip Aviad 51/2 6 1/2 but branch outlet of 7 1/2 » 3/4 
ie Yo ENS i 6 See small size Such as are 8 1/2 13/16 
Aree Bak /2 ie ic 61/2 61/2 Histed below will ree 9 15/16 
41/2 4 EP Sake (come 7 duce the dimensions of 9 1/4 15/16 
5. ZW Wp geek gd 73/2 71/2 fittings 18 in. or over 10 15/16 
6 5 eee 8 8 in size. ti Pig 
7 6 oes S12 8 1/2 wz t/2 11/16 
8 7 erie’ 9 9 Ls 11/7 
9 8 ria 10) 10 15 1 1/8 
10 9 eek 11 11 16: ¥ 3/16 
12 10 sauere 12 12 19 i 1/4 
14 12 Coe 14 ie Pa pice ave 
15 14 Stings 14.4/2 41/2, 22 t/# 1373). fh 
16 15 age mB 35. Brancti“b* ys EK. 2a 1/2 1 7/26! 
18 18 to 14 ine. 16 1/2 1614/2 12orless ¥3 15) 1/2 25: 1 9/16) 
20 20 to 15 ine. 18 18 PEE Se Ie ATES 27, L/2, 1 11/16 
22 22 to 16 inc. 20 20 TS 4c Te 2911/2) 1 13/16! 
z4 24 to 18 inc. 22 22 TO Ob ATS 32 , 7/83 ‘ 
26 26 to 20 inc. 23 28 yessoge) MOD NAS 0.18) SETS, LR \ 
28 28 to 20 inc. 24 24 re ee er | 36 1/2) 2°1/16 } 
30 30 to 22 inc. 25 25 DO ee TS 28 38 3/4 2.1/3 j 
32 32 to. 22 inc. 26 26 Oe tee eae 41 3/4 2.1/4 3 
34 34 to 24 inc. 27 27 Oy ARS Ta COT: 43 3/4 2 5/16 
36 36 to 26 inc. 28 28 24‘ “ 20. 26 46°. :°2 3/8 ; 
38 38 to 26 inc. 29 129. a4 20 28 48 3/4 2,3/8° \ 
40 40 to 28 inc: 30 30 DU see nia §0'3/4 21/2 \ 
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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, W. Y. CITY 


1915 STANDARD WEIGHT FLANGED REDUCING LATERALS. 


Reducing Lateral. 


Size, In. Diam. 
Branch b 


11% or less 
1144 “ce “ 
2 


2Y2 
3 
SY 
4 
4s 


5 
6 
7 
8 
2 
10 
12 
14 
15 
16 
9 


18 to 10 ine. 
10 and less 
20 to 12 inc. 
10 and less 
22 to 12 inc 
12 and Jess 
24 to 14 inc. 
12 and less 
26 to 14 inc. 
14 and less 
28 to 15 inc. 
15 and less 
30 to 16 inc. 


Reducing-on-Run Reducing-on-Run-and 
Lateral. Branch Lateral. 
Dimensions, In. FLANGES 
Dia. Thickness 
In. Tn. 
4 7/16 
AY, Y 
5 9/16 
% 
11/16 
7A 
13/16 
15/16 
15/16 
15/16 
| 
1 1/16 
14% 
1% 
1 3/16 
1% 
1% 
1¥% 
17/16 
19/16 
19/16 
111/16 
111/16 
1 13/16 
1 13/16 
17% 
1% 
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TAE MEATING AND VENTILATING MAGAZLYE - 1123 BROADWAY-A.Y.CITY. 


SHELL THICKNESS OF FLANGED FITTINGS 


Standard Weight Extra Heavy 
125 Lbs. Working Pressure. 250 Lbs. Working Pressure 


Thickness of Shell 
T, Inches. 


Fitting, Inches 
T, Inches 

Nominal size of 

Fitting, Inches 


AN 
~~ 


RS 


pwowhwthy Nominal size of 
> 
LS) 


2 
2 
3 
3 
4 
4¥, 
5 
6 
7 
8 
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FLANGED FITTINGS—Thickness of Shell. 
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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


RULES FOR FLANGED FITTINGS. 
American 1915 Standard, Extra Heavy. 


1. Extra heavy reducing elbows carry same dimensions center to 
face as regular elbows of largest straight size. 


2. Extra heavy tees, crosses and laterals, reducing on run only, 
carry same dimensions face to face as largest straight size. 


3. Where long turn fittings are specified, it has reference only to 
elbows which are made in two center to face dimensions and to be 
known as elbows and long-turn elbows, the latter being used only 
when so specified. 


4. Extra heavy fittings must be guaranteed for 250 lbs. working 
pressure, and each fitting must have some mark cast on it indicating 
the maker and guaranteed working steam pressure. 


5. All extra heavy fittings and flanges to have a raised surface 
1/16-in. high inside of bolt holes for gaskets. Thickness of flanges 
and center to face dimensions of fittings include this raised surface. 
Bolt holes to be %-in. larger in diameter than bolts. Bolt holes to 
straddle center lines. 


6. Size of all fittings scheduled indicates inside diameter of ports. 


7. Square head bolts with Denne ond) nuts are generally recom- 
itierided for use. 


8. Double branch elbows, side outlet elbows and side outlet tees, 
whether straight or reducing sizes, carry same dimensions center to 
face atid face to face as regular tees and elbows. 


9. Bull head tees or tees increasing on outlet, will have same center- 
to-face and face-to-face dimensions as a straight fitting of the size 
of the outlet, 


10. Tees, crosses and laterals 16-in. and smaller, reducing on the 
outlet, use the same dimensions as straight size of the larger port. 
Sizes 18-in. and larger, reducing on the outlet, are made in two 
lengths, depending on the size of the outlet as given in the table of 


dimensions. 
11. For fittings reducing on the run only a long body pattern will 


be used. Y’s are special and made to suit connections. Double 
branch elbows are not made reducing on the run. 


12. Steel flanges, fittings and valves are recommended for super- 
heated steam. 


-FITTINGS—Rules for 1915 Extra Heavy Flanged Fittings. 
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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


1915 STANDARD EXTRA HEAVY PIPE FLANGES AND BOLTS. 


Pe 


250 LBS. WORKING PRESSURE 


FLANGE 
a 


11/16 
Y% 
13/16 


Z 
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BOLTS 
Size BoltCircle BoltHole 
B.C: 
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FITTINGS, EXTRA HEAVY—Pipe Flanges and Bolts. 4 NO. 108-A. 
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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


1915 STANDARD EXTRA HEAVY ELBOWS AND REDUCERS. 


ReducingElbow. 


Re 


Double-Branch Reducer. 
Elbow. 


'250 LBS. WORKING PRESSURE 


Dimensions Flange 
B c i 


Thickness 
5 2 11/16 
5% 2% 

6 25h 


3% 
3% 
4 
4% 
44 
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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


1915 STANDARD EXTRA-HEAVY STRAIGHT TEES, CROSSES 
AND LATERALS, FLANGED. 


STRAIGHT TEE. STRAIGHT CROSS. STRAIGHT LATERAL 


250 LBS. WORKING PRESSURE 


Size, In. Diam. Dimensions. In. Flanges 

R A D Diam. In. Thickness, In. 
1 444 11/16 
1% 5 


ws 
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rosy 
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FITTINGS, EXTRA HEAVY-—Straight Tees, Crosses and Flanged Laterals gj NO. 108-C, 
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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


1915 STANDARD EXTRA-HEAVY BULL-HEAD REDUCING 
TEES AND CROSSES, FLANGED. 


Bullhead Tee. 


Size, 


In. Diam. 


Run 
1 
1% 


FITTINGS, EXTRA HEAVY—Bull-Head Reducing Tees and 


Branch 


1 or less 
1% or less 
1% or less 
2 or less 
2% or less 
3. or Jess 
34 or less 
or less 
or less 
or less 
or less 
or less 
or less 
or less 
or less 
or less 
or less 
or less 
14 inc 


15 ine. 
16 inc. 
18 inc. 
20 inc. 
20 inc. 
30 to 22 inc. 
32 to 22 inc. 
34 to 24 inc. 
36 to 26 inc. 
38 to 26 inc. 
40 to 28 inc. 


Dimensions, 
In. 
J K 


4% 4% 
4, AY, 
Bad 5 


Reducing-on- Run and Branch Tee and Cross. 


250 IBS. WORKING PRESSURE 


Flanges 
Diam. Thickness 
I 


n. In. . 
4%, 11/16 


Note.—A reduction in 
size on the run does not 
affect the dimensions but 
branch outlets of smaller 
size than those listed be- 
low will reduce the di- 


mensions 


of fittings 


18 in. or over in size. 


Branch 

12 or less 
14 or less 
15 or less 
16 or less 
18 or less 
18 or less 
20 or less 
20 or less 
22 or less 
24 or less 
24 or less 
26 or less 
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Crosses, NO. 108-D, 
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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


1915 STANDARD EXTRA HEAVY REDUCING LAT- 
ERALS, FLANGED. 


Reducing Lateral. Reducing-on-Run Reducing-on-Run-and 
ateral. Branch Lateral. 


250 LBS. WORKING PRESSURE 


Size, In. Diam. Dimensions, In. Flanges < 
Run Branch Diam. ‘Thickness 
In 


11/16 
3 


1 
1% 1% and less 


14 1% “ 
2 23 


a 
_— 
an 


9 

16 to 10 inc, 
10 and less 
18 to 12 inc. 
10 and less 
20 to 12 inc. 
12 and less 
22 to 14 inc. 
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FITTINGS—Extra Heavy Reducing Laterals, Flanged. 
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THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, 


vi 


N. Y¥. CITY 


FITTINGS. 
Standard Weight Cast-Iron Screwed Fittings. 
—125 Lbs. Working Pressure— 


eaten 


Fred. Tee 


Run x_ Branch A L 
In. Diam. In. Diam. In. Diam. In. Diam. 


VA eacteeeee) et SIG TV BNR fo ON Ce its 
ES Ewe 3 See bie) |  aiviecds 

% Straight 

cre x Tae eedn) a 6B batnc teats 


Y% Straight 
4 x ¥% Bh. 
1 


Note: For all reducing (Red.) and bullhead (Bh.) tees the size of run is given first 
and the size of branch second. Fittings reducing on the run retain the same dimen- 
sion as corresonding fittings without such reduction. 


Above dimensions are subject to slight variation and are based on fittings as made 
by the Walworth Mfg. Co. 


(Continued on Data Sheet No. 109-A.) 


STANDARD WEIGHT SCREWED FITTINGS—Ells, Tees, Crosses. No. 109 
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FITTINGS. 
Standard Weight Cast-Iron Screwed Fittings. 


125 Lbs. Working Pressure. 
(Continued from Data Sheet No. 109.) 


L Ww. 
In. Diam. In. Diam. In, Diam. In. Diam. In. Diam. 
aes | 3 Red. 
Wanotiaigit ns aoe PSS aeo. 1 9/32 1 5/8 
1% x Mee REG d el am Vien oiisy cs cf 1 7/16 1 11/16 
14% bs Si Reds) ft i ents 1 19/32 1 3/4 
1% x 1 Red. ELS 1G se we es | eee outa s|s'at rik an VAM LE °C efalera%e 
Rei Me' ce 1 15/15 1 7/8 
1% x ANT Se A a Lee 2 1/4 1 15/16 
ae x % Red. 
1% x 1 Reda) LP eA Saat L 11/32 1 3/4 
1% = PMU Rede Ga dvakne 11/2 1 13/16 
eeSerST ONG Ne cas cae 1 21/32 1 7/8 
1% Cy Tien le fed crertere ale 1 7/8 1 15/16 
4° x: «624 «€CBh: a his ey (LMU ie aiaicteriag | Pa Tea yy) nok iSleiievaters 
cals ate Sie 2 5/16 2 1/16 
2 x DOT ene ood) © ac ticucraie =) 2 11/16 2 3/16 
2 x Red. 
2 x 1 Rede) Pi Mo Sarid 1 13/32 2 1/16 
2 EL AE REG: ee  faidiciae os 1 9/16 2 1/8 
Beet is, Red SSI. 1 23/32 2 3/16 
fh SASS LT ae TE SS ae ese ya 1 15/16 2 1/4 
2 ncaa) Die 8 LL! haysheiarsinie 2 1/16 2 5/16 
2 x 3 Bh. Zea SRE ee NOC Va ere cs em aS eh, 
2% x 1 Red. tse yd co sey 2 3/4 2 1/2 
2y% x TEAS ROCG Ie Ty ce) |S latsisieerpxe 3 1/16 2 5/8 
Denis Red. hk scieet' 1 27/32 2 9/16 
Peal ea Rede 8) lacsaes 2 1/16 2 5/8 
earache © 0 ese eee 2 3/16 2 11/16 
2% x3 BBS. oA kt ose Sa acts 2 1/2 2 3/4 
2% x 3% Bh ZS eee eas ee eccee: mw MOEN aa ies 
24% x. 4 BHA rey eicassien 3 3/16 3 
ardatataters 3 15/32 3 1/16 
3 RU EROMehe fos) go eistnesays\e 3 13/16 3 1/8 
3 x 1% Red 
3 Sabla Reda. b), | Biss ctsls ss 1 31/32 2 7/8 
3 Eee Reda het FU Renetenie 2 3/16 2 15/16 
3 See sh REC 8 V9) Y ayaisielsrne 2 5/16 3 
SETS ee TS eee rs 2 5/8 3 1/16 
3 SUD S40 DNS Shi) fh ete severe 3 3 3/16 
3 xy 40 Bh. Chg ra OE ee ES Are oe te eee ee ae 
Sis laren 3 19/32 3 3/8 
Seam EG) ROCs) 8) avamess 3 15/16 3 7/16 
Pow ime BEk AUS 
; Phen ME LT aA, 2 3/8 3 9/32 
Renee PLAC ce kw tf wacuis,s 2 11/16 3 11/32 
aya eee a Red. Jr) PMG. crete 6 3 1/16 3 15/32 
PA Straighes sew WE wt ha ae oe 3 3/8 3 19/32 
14°. x 1% Bh. eat Scien Meu auth a anes 
3% 42 Dar ae © Beet 4 3 23/32 
4 x 1 Redpere OFF 7 Sige: 2 3/32 3 1/2 
4 ae. Radouae wot wuts i, 2 7/16 3 5/8 
4 > i Y Reds Reaateiatoe x 2 3/4 3 11/16 
4 Si BiG eRCU aes 9h Acts clevete 3 1/8 3 13/16 
4 ee] Redig Fh a) tes earat 3 7/16 3 15/16 
4 Ki AS Way ROG test) wh heoate atts 3 23/32 4 
4 Straight BOAO eee ON fa eeh. oe we re ok 
4 EPS Bhp en hee eae 4°19732 41/8 
4 ee 6 a Bh Vee Tce 5 1/4 41/8 
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FITTINGS 
Standard Weight Cast-Iron Screwed Fittings. 


125 Lbs. Working Pressure. 
(Concluded from Data Sheet No. 109-A.) 


Run x Branch A LE Ww. 

In. Diam. In. Diam. In. Diam. In. Diam. In. Diam. 

5 x io eda Mi ielegatie 23/2 4 5/32 ! 
5 x Red. dahon 2 13/16 4 7/32 

5 x 3 Red. Be sreieN 3 1/2 4 15/32 

5 Ame Rediic tb as. 4 1/8 4 19/32 

5 Straight CP Rig) ES A Sa Ta Care ce et OP EEF TAMAS P ie ty. 

5 oe) Bier sme 2s IE io 5 5/16 4 21/32 j 
6 eI 2 ROMS) GEAR ow ia) cielee = 2 13/16 47/8 

6 x Reds | PP le al hie 3 1/2 5 1/8 

6 x 4 Red. mate a 41/8 5 1/4 

6 ME ST ROCs et METa os wiaisdsle 4 23/32 5 5/16 ; 
6 Straight She Wie CPM oa NEP Ps MENG ST De relic, «he OLA | CRNA RR 

6 ce EN (SES a ee 6 9/16 5 3/8 

Run x _ Branch A L W i! 
In. Diam. In. Diam. In. Diam. In. Diam. In. Diam. 

7 PEA RRO. 2 | uk ilon Wis chats 'a ens 4 3/16 5 15/16 

7 x 5 Red GUA e 2. Nomcastas 4 23/32 6 , 
7 BAG) REG. web setae an 5 3/8 6 4 
7 Straight CP AY Se Raa yA ST ea, een RE ert f 
8 et eee CCN am TL Matercahers A 27/8 6 1/8 

8 SEDGE AM UN ROG.L Wh hl) “aratety ere 4 3/16 6 1/2 

8 x 6 Redig’ oe) teeters: ¢ 5 3/8 6 9/16 

8 Straight Gals iG ames Aer) Se ee aoe GRRE, pape Seen i 
10 MOE Mn CIO. 6) 0) US spc a's apale 4 1/8 7 11/16 5 
10 2 Greed wey teoucteis 5 5/16 7 3/4 5 
10 Fhe Th ROT, a ae ay 6 9/16 7 13/16 : 
10 Straight RZ O'S At a) Ok ey est Cn Te ath ea ee ee H 


Nore: For all reducing (Red.) and bullhead (Bh.) tees the size of run is given first 
and the size of branch second. Fittings reducing on the run retain the same dimen- 
sion as corresponding fittings without such reduction. 

Above dimensions are subject to slight variation and are based on fittings as made 
by the Walworth Mfg. Co. 


# “STANDARD WEIGHT SCREWED FITTINGS, Els, Tees Créniien a No. 109-B 
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FITTINGS. 
Standard Weight Cast-Iron Screwed Fittings. 
125 Lbs. Working Pressure. 


Freducer 

Size of B C D E R 
Fitting Inches, Diam. 
In. Diam. 

1/4 GS /A PRRs trae) Daihen ects Rie fy hers sae rg ay nares 

3/8 BISVAINGLE: — OS os cia tg Pe Ur CSTR RICE Sn SR a 

1/2 7/8 AW 1 7/8 Lytle nace ee 

3/4 1 3 2 1/4 S| RSS Sie 
1 1 1/8 3) Ve 2 3/4 SS AAMOMEE WS ccyateoerct ste 
1 1/4 1 5/16 4 1/4 3 1/4 1 ea Nh EMRE ie He aa 
yz 1 7/16 47/8 3 13/16 Ral Cerin 
2 1 11/16 5 3/4 4 1/2 AN yh (BS ee 
22 1 15/16 6 1/4 5 3/16 UM UGiEay piarentioe asthe 
3 2 3/16 7 7/8 6 1/8 1 3/4 2 15/16 
SS BYP3 2 3/8 8 7/8 6 7/8 2 SS 
4 2 syies 9 3/4 7 5/8 2 1/8 3 3/8 
4 1/2 2 13/16 11 5/8 9 1/4 PA ais sJicsy/ts 
5 3 1/16 11 5/8 9 1/4 2 3/8 3 7/8 
6 3 7/16 13 7/16 10 3/4 PAW ANG; 4 3/8 
7 3 7/8 15 1/4 12 1/4 3 4 13/16 
8 4 1/4 16 15/16 13 5/8 3 5/16 5 1/4 
9 4 11/16 20 11/16 16 3/4 3 15/16 5 11/16 
10 5 3/16 20 11/16 16 3/4 Sets Ge 6 3/16 
12 6 24 1/8 19 5/8 4 1/2 7 1/8 


Note: Y’s reducing on the branch take same dimensions as straight 
fittings. Above dimensions subject to slight variations and based on 
fittings as made by Crane Co. 


Wa 


| No. 109-C 


STANDARD WEIGHT SCREWED FITTINGS—Ells, Y’s and Reducers 
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FITTINGS. 
Extra-Heavy Cast-Iron Screwed Fittings. 
250 Ibs. Working Pressure 


ie --pk-- A> 


Red. Ell 


Run x _ Branch , 
In. Diam. In. Diam. : " In. Diam 
% Straight 

x Bh. 


Y% 3 
% x Bh. 
4 x 
Straight 
= g 
e 


x 
x 


Straight 
I x 


x 
x 
2 
Straight 


x 1% 
2 


Notr—For all reducing (Red.) and bullhead (Bh.) tees size of run is given first 
and size of branch second. Fittings reducing on the run retain the same dimensions 
as corresponding fittings without such reduction. 


Above dimensions subject to slight variation and based on fittings as made by 


Walworth Mfg. Co. 
(Continued on Data Sheet No. 109-E) 


EXTRA-HEAVY SCREWED FITTINGS—Ells, Tees, Crosses. a No. 109-D 
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FITTINGS. 
Extra-Heavy Cast-Iron Screwed Fittings. 
250 lbs. Working Pressure 
(Continued from Data Sheet No. 109-D) 


Run x _ Branch J 
In. Diam. In. Diam. In. Diam. In. Diam 


Reed Ft a eioece as 1 35/64 
GCMs ea. one 
ioe 9 WP ERA 


SHAMANS 


RSS SENS 
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(Concluded on Data Sheet No. 109-F) 


fe. deo) SEA s 
mb ar | eshos | % 


NT the ee f r 
Fpdy naa ky ah Na ya ln 


‘ ‘ Neen 
if _ 
‘ 
; MY 
4 “ \ 
smc escent Navi Shred ap spent Spat Apa pip RSS aay aie 
HS ARES PRS A SS AAD Ne oan 


ROH RAR RAR aR Pate ay seas 


serie i 


Lapeer 
Ot) 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


FITTINGS. 
Extra-Heavy Cast-Iron Screwed Fittings. 
250 lbs. Working Pressure 
(Concluded from Data Sheet No. 109-E) 


Run x _ Branch WwW. 

In. Diam. In. Diam. . Diam. . Di In. Diam. 
x HNL MSc Sian 

x eT De eae ae 

x 


> 
Straight 
x 


UOwMonpuU 


mraraete sre tne CR Le ate Tete wenn s 


/ 
x ee eM Ln. date ave 17/32 
Straight ; A eeslese 


WHKEMK MM 
DAadNO WAWNH DA AwWH 


WO MDAAAAAG 
= 
a 


Nore—For all reducing (Red.) and bullhead (Bh.) tees size of run is given first 
and the size of branch second. Fittings reducing on the run retain the same dimensions 
as corresponding fittings without such reduction. 


Above dimensions subject to slight variation and based on fittings as made by 
Walworth Mfg. Co. 


EXTRA-HEAVY SCREWED FITTINGS—Ells, Tees, Crossess. 
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PIPE COVERING. 


General. 


; Pipe covering is usually constructed of fire-proof and insulating material moulded 
in proper form to fit the outside diameter of the pipe and split through the middle 
so as to allow placing on the pipe. The outside of the covering is generally jacketed 
with canvas, which (after the covering has been opened out, placed on the pipe and 
re-closed) is pasted across the joint so as to permanently hold the covering on the 
pipe. The chief materials used for pipe covering consist of asbestos, magnesia, hair 
felt, wool felt, cork, etc. Section covering can be secured for all standard pipe 
sizes from % in. to 10 in., inclusive, and for pipes of larger diameter, sheets and 
blocks are used, sectional covering not being at present manufactured for larger sizes. 

One common grade of covering is built up of layers of thin felt made of 
asbestos fibre and particles of a finely ground spongy material, these layers «being 
made in laminated form, and not in the moulded manner. In this particular type 
of insulation, the covering is cut on one side only, and is sprung apart when being 
placed on the pipe. It is furnished in 3-ft. sections with canvas covering on the 
outside and lacquered brass bands. This particular type of covering is made from 
¥Y% in. to 3 in..in thickness and in sheets and blocks 2 ft. x 3 ft. in size, and 
¥y% in. to 4 in. in thickness. 

Magnesia covering is usually composed of 85 per cent magnesia and is of the moulded 
type, being split so as to allow placing on the pipe. This insulation is commercially carried 
in thicknesses of “Standard” (which is approximately 1 in. thick) 1% in., 2 in., double 
thick, and 3 in. thick, the sections being 3 ft. long and canvas-jacketed with brass 
lacquered bands. Blocks of 85 per cent magnesia are also obtainable in sizes 3 in. x 
18 in. or 6 in. x 36 in. 1n thickness of 1 in. to 4 in. 

__ Still another very common type of pipe insulation is known as Asbestocel, this being 
built with alternate layers of plain and corrugated asbestos felt, made up in cylindrical 
form so that the air cells formed by the corrugation run down the pipe and not 
longitudinally. Other forms are made where the air cells run longitudinally with 
the pipe instead of around the pipe. This covering is made in thickness of % in. 
% in., “Standard,” 1% in., 2 in., double thick and 3 in.; in 3 ft. sections, canvassed 
with lacquered brass bands, and is also purchased in sheets and blocks, the sheets 
being 3 ft. square and the blocks 6 in. x 36 in., the thickness varying from % in. to 
4 in. Air-cell sectional pipe covering is constructed of layers of plain and corrugated 
asbestos paper; the air cells in this covering run longitudinally with the pipe. This 
covering is made % in., % in., “Standard 1% in., 2 in., double thick and 3 in. in 
3 ft. sections, canvassed with brass lacquered bands, and can be purchased in sheets 
3 ft. square and blocks 6 in. x 36 in., thickness running from % in. to 4 in. 

For warm water pipes and for the prevention of freezing, hair-felt and wool- 
felt covering is often used. Cork coverings are also much in vogue on refrigeration 
systems and drinking water lines. One type of anti-sweat pipe covering is built up of 
alternate layers of asbestos (water proofed) and insulating felts, held together by 
wire stitching; this is made in 3 ft. sections with brass lacquered bands of % in., 
¥% in., and 1 in. thicknesses. 

For refrigeration insulating, such as brine and ammonia pipes, a special sectional 
pipe insulation is often used, this being constructed of several layers of insulating 
felt, each layer being protected by an asphaltum water-proofing membrane applied be- 
tween the pipe and felt and between each successive layer of felt. This results in 
each layer being practically hermetically sealed from the adjacent layer. 

Where only the danger of freezing is encountered zero sectional piping insula- 
tion can be substituted, this being built up of several layers of insulating felt and lined 
on the inside with 1-in. thickness of hair felt. This covering is made in 3 ft. lengths 
split on one side, but comes in only one thickness. approximately 1% in. 

Asbestos sheet mill board can be secured in standard sizes of 40 in. x 40 in, 
x 42 in. x 44 in. and thicknesses as follows: 


1/32 in., 3/64 in., 1/16 in.. 5/64 in., 3/32 in, % in., 5/32 in., 3/16 in., % in., 
5/16 in., % in., and % in. 


For covering fittings and eccentric surfaces plastic is generally used. This may 
be an ashestic plastic sometimes mixed with a certain percentage of plaster of paris to 
give a desired hardening effect, and sometimes consisting of 85 per cent magnesia 
combined with other materials. 


PIPE COVERING—General 
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PIPE COVERING. 
Weights, Etc. 


As a general thing, plastic comes in 100-lb. bags and will cover 25 to 
30 sq. ft. of surface 1 in. thick, Approximate weights of covering run 
as follows: 

Weight in pounds per 3-ft. length of sectional pipe coverings is shown 
in Table 1. 


TABLE I—WEIGHTS OF SECTIONAL PIPE COVERINGS. 


A = Asbestos-sponge felted, 1 in. thick. 
B= Asbestos fire-felt, 1 in. thick. 
C = Magnesia, standard thickness, 


D = Asbestocel, 1 in.. thick. 
Approximate 


Number of Ft. 
of Covering 


per Case 
Weight in Pounds per 3-Ft. Length 
Size, In. Diam A B Cc D 
vA) 4 214 24% 3 420 
cA 4Y, 234 2% 34 396 
1 5 3 234 4 348 
1%4 6 34 3Y% 4, 291 
; 1% 7 4 4, 5 243 
8 5 4, 6 183 
47 8% 6 SY 7 141 
3 9 7 634 8 108 
3% 10 8% 7% 8% 90 
4 11% 84 9 75 
4% 13 914 10% 9% 69 
5 14% 1 12% 10 54 
6 16 121% 1334 11 42 
7 17% 1334 15% 12% 36 
8 19 1534 8 15 27 
9 20 16% 21 16 18 
10 24 18 24 17% 15 
12 33 21 33 12 


¥ Sponge-felted one, 2 in. x 3 ft. weight 2% lbs. per square foot. 
Asbestos fire-felt 1%4 lbs. per square foot 85 per cent magnesia blocks 
1% lbs. per square foot. All of the above are assumed to be 1 in. thick. 
Corrugated asbestos paper comes in rolls 36 in. wide, each roll con- 
# €63s taining ae ay 250 sq. ft. One roll of one-ply about l-in. thick 
“ weighs 70 
+ enhat lon weighs about 12 Ibs. per cubic foot and is shipped in 
60-Ib. bags. 
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PIPE COVERING. 
Covering for Standard-Weight Screwed Fittings. 


COVERING °° STDWT SCRD FITTINGS 
ama 


SQUARE FEET OF SURFACE 


NOMINAL SIZE OF FPIPL.S 


Where standard-weight screwed fittings are used on lines it is customary to cover 
them with plastic asbestos, and, as_ stated on standard data sheet No. 110-A, this 
plastic usually covers 25 to 30 sq. ft. of surface 1 in. thick for every 100 lbs. In 
order to ascertain the approximate surface on various fittings, the curves shown in 
Fig. 1 have been plotted, A being the curve for a cross; B for an ordinary T; C for 
a 90° elbow; and D for a 45° elbow. The amount of surface can be read at the 
left directly from the curve at a point vertically above the normal size of pipe, as 
noted along the bottom. For instance nine 4-in. elbows would have a surface of 0.6 
x. 9, or 5.04 sq. ft. and would require: 


5.4 
— x 100, or approximately 18 lbs. of plastic for 1-in. thick covering. 


PIPE COVERING—Covering for Standard Weight Screwed Fittings. | No. 110-B 
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PIPE COVERING. 
Covering for Extra-Heavy Screwed Fittings. 


COVERING: PRX HT SCRDEIIT TINGS 
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SQUARE FEET OF SURFACE 
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DEES Ee a ae a ae: 
NOMINAL SIZE OF FIPES 


Where extra-heavy screwed fittings are used on lines it is customary to cover them 
with plastic asbestos, and, as stdted on standard data sheet No. 110-A, this plastic 
usually covers 25 to 30 sq. ft. of surface 1 in. thick for every 100 lbs. In_ order 
to ascertain the approximate surface on various fittings, the curves shown in Fig. 1 
have been plotted, A being the curve for a cross; B for an ordinary T; C for a 
90° elbow; and D for a 45° elbow. The amount of surface can be read at the left 
directly from the curve at a point vertically above the nominal size of pipe, as 
noted along the bottom, for instance: 


0.83 x 9 
Nine 4-in. elbows would have a surface of Por x 100, or approximately 24.9 Ibs. 
of plastic for 1-in. thick covering. 
PIPE COVERING—Covering for Extra-Heavy Screwed Fittings. | No. 110-C 
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PIPE COVERING. 
Covering for Standard-Weight Flanged Fittings. 


CO VLFANG’ hare TD. WTFLGD FITTINGS 
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NOMINAL SIZE OF PIPES 


Where standard-weight flanged fittings are used on lines it is cuscomary. to cover 
them with plastic asbestos and, as stated on standard data sheet No. 110-A, this 
plastic usually covers 25 to 30 sq. ft. of surface 1 in. thick for every 100. Ibs. In 
order to ascertain the approximate surface on various fittings, the curves shown in 
Fig. 1 have been plotted, A being the curve for a flanged cross; B for an ordinary 
flanged T; and C for a 96° flanged elbow; D for a long radius flanged elbow; E 
for a 45° flanged elbow; F for a blank flange on the end of the line and G for 
the covering around the pair of flanges as shown in the illustration. The amount of 
surface can be read at the left directly from the curve at a point vertically above 
the nominal size of pipe, as noted along the bottom. For instance nine 12-in. elbows 
would require for eas boas 


~ 


30 x 100 or mperonimneety 150 lbs. of plastic 

for 1-in. thick covering, and the blank | flange on the end of the line will have 3% 
sq. ft. and the pair of flanges for the 12-in. line will have 2 sq. ft. all of which 
amounts can be reduced to nounds by dividing by 30 and multiplying by 100 for 
1 in. thickness, while if ™%-in. thickness is used, the area is divided by, 60 and 
multiplied by 100 and for 2-in. thickness the quantity required for 1 in. is simply 
doubled which, while not strictly accurate, is sufficiently close for all purposes. 
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PIPE COVERING. 
Covering for Extra-Heavy Flanged Fittings. 
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Where extra-heavy flanged fittings are used on lines it is customary to cover them 
with plastic asbestos and, as stated on standard data sheet No. 110- A, this plastic 
usually covers 25 to 30 sq. ft. of surface 1 in. thick for every 100 Ibs. In_order 
to ascertain the approximate surface on various fittings the curves shown in Fig. 1 
pare been plotted, A being the curve for a flanged cross; B for an ordinary flanged 

T; and C for a 90° flanged elbow; D for a long-radius flanged elbow; E for a 45° 
flanged elbow; F for a blank flange on the end of the line; and G for the covering 
around the pair of flanges, as shown in the illustration. The amount of surface 
can be read at the left directly from the curve at a point vertically above the nominal 
size of pipe as noted along the bottom. For instance nine 12-in. elbows would be 
required for the body 


O 


x 100, or approximately 150 Ibs. of plastic 


for 1-in. thick covering, and the blank flange on the end of the line will have 3% 
sq. ft. and the pair of flanges for the 12-in. line will have 2 sq. ft. all of which 
amounts can be reduced to pounds by dividing by 30 and multiplying by 100 for 
l-in. thickness, while if %4 in. thickness is used the area is divided by 60 and multi- 
plied by 100, and for 2 in. thickness the quantity required for 1 in. is simply doubled 
which, while not strictly accurate, is sufficiently close for all purposes. 
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CAPACITY OF STEAM MAINS IN SQUARE FEET OF EQUIVA- 
“LENT DIRECT RADIATION. 


For a Total Pressure Drop of % Lb. 


Size 
of 
Length of Run. Feet Pipe 
100 200 300 400 S500 750 1000 1250 1500 “In. 
Squaré Feet of Equivalent Direct Radiation Diam. 
28 20 16 — _ — 
63 46 36 32 28 22 
116 83 68 59 50 43 
194 137-108 94 86 71 
427 SLOmn COA ee czs et 20s8 el 7S 
745 510 425 360 338 282 
1350 950 710 660 587 482 
1930 1370 1110 955 880 702 
2700 1900 1560 1340 1210 985 
3620 2550 2080 1790 1620 1315 
4800 3410 2790 2400 2170 1755 1280 
7725 5460 4500 3850 3400 2825 2040 
11250 8100 6550 .5600 5000 4075 2930 
15800 11250 9150 7873 7020 5700 4220 
21100 15450 11950 10550 9500 7250 5475 
28100 20400 16350 14050 12650 10250 7375 
45600 31600 25750 223C0 20000 16150 13900 12700 11800 
$9750 42200 33300 28800 25600 20700 18100 16500 15000 
70210 49400 40000 34100 30500 24900 21400 19400 17900 
83750 59750 49250 42500 37900 29900 26600 24000 21800 
113500 93500 652 0 56250 50500 41400 35800 32000 29500 
140000 100000 81000 70200 .63250 51250 44250 40500 36500 


FLOW OF STEAM IN PIPES—Capacity of Steam Mains, 4 Lb. Drop. | NO. 128-A. ® 
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CAPACITY OF STEAM MAINS IN SQUARE FEET OF 


EQUIVALENT DIRECT RADIATION. 


For a Total Pressure Drop of %4 Lb. 
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FLOW OF STEAM IN PIPES—Capacity of Steam Mains, 3 Ib. Drop. 
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° CAPACITY OF STEAM MAINS IN SQUARE FEET OF 
* EQUIVALENT DIRECT RADIATION. 


For a Total Pressure Drop of % Lb. 


Length of Run. Feet. 
200 300 400 500 750 1000 1250 1500 
Square Feet of Equivalent Direct Raditions. 


20500 17900 16200 14750 
32300 27800 25400 23600 
41400 36200 33000 30000 
49800 42800 38800 35800 
167500 119500 59800 53200 48000 43600 
227000 187000 130500 112500 101000 82800 71600 64000 59000 
280000 200000 162000 140400 126600 102500 88500 81000 73000 


FLOW OF STEAM IN PIPES—Capacity of Steam Mains, 4-Lb. Drop. jf NO. 128-C, 
MDS ey OEM, nS PRR 5 Rk 


In. 
| 
14500 13200 11800 10950 
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CAPACITY OF STEAM MAINS IN SQUARE FEET OF EQUIVA- 
LENT DIRECT RADIATION. 


For a Total Pressure Drop of 1 Lb. 


Square Feet of Equivalent Direct Radiation. 


500 1000 


80 62 58 
150 122 106 
246 144 
650 590 500 420 350 
1050 960 800 680 550 
1880 1700 1400 1250 1000 
2720 2500 2000 1800 1450 
3820 3450 2800 2500 2050 
5100 4600 3750 3300 2750 
6820 6180 5000 4450 3650 
10950 9700 8050 7200 5800. 
15920 14200 11600 10200 8350 
32000 22400 20000 16200 13600 12600 12000 
44000 30000 27000 22000 18800 16800 15600 
58000 40000 36000 29200 25400 23000 21000 
90000 73500 63620 56800 46000 39400 36200 33600 
170000 120000 94800 82000 73000 59000 51600 47000 42800 
200000 140800 114000 98200 87000 71000 61000 55400 51000 
2380090 170000 140000 121000 108000 87200 75800 68400. 62000 
320000 228000 186000 160000 144000 118000 102000 91000 84000 
400000 284000 230000 200000 180000 146000 126000 115700 104000 


FLOW OF STEAM IN PIPES—Capacity of Steam Mains, 1 Ib. Drop. fl NO. 
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SIZES OF STEAM PIPES. 


ER. Steam Mains. Steam Risers. 
in One-Pipe Two-Pipe One-Pipe Two-Pipe 
Sq. Ft. In. Diam. In. Diam. In. Diam. In. Diam. 
30 1% 1% 1% 1% 
100 2 ly, 1% 1y% 
150 Zz ly Z 1% 
200 2% 2 2% 2 
250 2% Zz 2% 2 
300 3 2% 3 2% 
400 3Y% 3 3 2% 
500 3y% 3 3 3 
600 3% 3 
800 4 3% 
1000 4Y, 4 
1500 5 4 
2000 5 44, 
3000 6 5 
4000 7 6 
6000 8 7 


(Harrison Safety Boiler Works) 


FLOW OF STEAM IN PIPES—Steam Pipe Sizes. | NO. 128-E. 
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SIZES OF RETURN MAINS. 


rae Sadat fe on sarep of 1 oz. in pressure in 100 feet of straight pipe. 
Re ke Ne aap is governed by the percentage of return pipe surface.compared 
nO oF tke e eaEp - y the supply main. Thus, if the total surface of the return line is 
“pea gr rete oF Ne siden of the supply line, radiators and return line, then 10% of 
ae ae oe ae oh e supply main will pass through the radiators and out into the return 
qe ener’ i x e condensed. Under this condition the return main will have to carry 
pee reesn Seige and 10% of the steam as well. The size of the wet return is 
“pee oe y tal “ the steam rating and comparing the square roots of the densities of the 
ie oe moseaere and the water, the result showing that the density of the water is 
“4 Ae imes as great and V-- 1600 = 40 the comparative capacity of the wet return. 
us, a 2-in. steam main carrying 300 sq. ft. of radiation at 1 oz. drop per 100 ft. of 
Straight pipe will carry as a wet return, with the same drop, 300 x 40 = 12000 sq. ft. The 
hos fie net rt psceores Bite % of poy wet return capacity and if the return must carry, 
e condensation, say, 2149 iti - i i b 

one-half as much, or 300 + 5% = 2500 ae” A stage Se eee 
a There is much room for argument as to the correctness of the above assumption and 
there is certainly much more vapor in a vacuum return than allowed for in this table, this 
increase being due to re-evaporization of the return under the lower pressure. Some 
engineers figure the vacuum return at 15% steam, a gravity dry return at 10% steam anda 
gravity wet return as given in the table, plus two pipe sizes for corrosion and sediment. 


TABLE I. 
Sizes of Steam and Return Pipes. 
(1 oz. Drop per 100 ft. Straight Pipe.) 
S) A 


Size__ Steam 
In. Diam. Rating 
5 


_. Column “A,” steam rating in equivalent square feet of direct radiation for piping 
within buildings for all classes of systems. 
Column “B,” rating for wet return main of a gravity system. 
Column “‘C,” rating for main return of the vacuum system. 
Column “D,” rating for the main return when it is above the water line in a wet- 


return gravity system. 
Column “E,” rating for the branch returns of the vacuum system, and for the branch 


returns that are above the water line in a wet-return gravity system. 
Column “fF,” rating for the branch returns of a dry-return gravity system. 
Columns “G” and “H,” rating for gravity systems where the returns have unusual 
condensing capacity and for the returns in vacuum systems where jet water is used. 
Column ‘‘S” is the nominal size of pipe diameter. 
(J. A. Donnelly.) 


FLOW OF STEAM IN PIPES—Sizes of Return Mains. 
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SIZES OF RETURN MAINS. 


In gravity systems the return pipe sizes will prove satisfactory if arranged 
as per the following table: 
Size of Steam Main. Corresponding Return Main. 
In. Diam. In. Diam. 


1% 
2 
2, 
3 
3% 
4 
5 
6 
8 
10 
12 
(Harrison Safety Boiler Works) 


FLOW OF STEAM IN PIPES—Sizes of Return Mains (Contd). | NO. 128-G. 
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DIAMETER OF DRIP PIPES FOR STEAM MAINS. 


Size of Lenth of Steam Main Drained in Feet. 

In. Diam. 0-100 100-200 200-400 400-600 
Steam Main Diameter of Drip Pipe—Inches. 
2. or less | WY 
2% and 3 1 
3%4 and | 1% 
4% and 5 1% 1Y% 
6 ly ly ly 


(Harrison Safety Boiler Works.) 

Note.—We would recommend that no drip pipe be made less than 1 in. and 
certainly not less than 3% in., reducing down to the trap size (if a trap is used) 
at the trap and enlarging immediately after leaving the trap discharge. 


FLOW OF STEAM IN PIPES—Drip Pipe Sizes. 
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FLOW OF STEAM IN PIPES. 
High Pressure Flow in Straight Pipes. 


If 125 lbs. gauge or 140 lbs. absolute is taken as an average high 
pressure and a 100-ft. run as a basis of length, the curves shown in Data 
Sheet No. 128-J may be plotted for each size of pipe at various drops and 0 to 
10 Ibs. per 1000 ft. have been selected as covering all ordinary cases. It can 
be seen, however, that the drop is inversely proportional to the den- 
sity—all other factors being the same—and that the delivery is directly 
proportional to the square root of the densities. From this relation- 
ship, the factors, given in Table 1, are derived for changing either the 
quantity or drop shown by the curves for 140 lbs. absolute pressure to 
any other absolute pressure. 

Example: An 18-in. pipe, which, by the curves, delivers 5100 Ibs. 
of steam per minute at 140 lbs. absolute pressure, with 7-lb. drop, will 
deliver at 90 lbs. absolute, 0.81 of 5100 Ibs., or 4131 lbs. with the same 
drop, or would deliver 5100 lbs. with 1.52 x 7 lbs.=6783 Ibs. per 
minute with the same loss in pressure (7 lbs.) or will deliver 5100 Ibs. 
with 7 x 0.57=3.99 lbs. drop in pressure. 


TABLE 1. ITNLARGED LOWER PORTION OF HIGH..... 
oo... PRESSURE STEAM CHART 
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FLOW OF STEAM IN PIPES—High-Pressure Flow in Straight Pipes. No, 128-I, 
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FLOW OF AIGH PRESSURE 
STEAM IN STRAIGHT PIPES 
eee MrOUNDS OF STEAM . TORS! FIT 
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FLOW OF STEAM IN PIPES—High-Pressure Chart. No. 128-J. 
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FLOW OF STEAM IN PIPES. 


Low Pressure Flow in Straight Pipes. 


For steam at low pressure, say, 30 lbs. or less, the table prepared 
by Professor William Kent (Proceedings A. S. H. & V. E. 1907) may 
be taken as the most generally accepted means of determining the 
delivery and drop on such lines. From this table (Table 1) the curves 
shown in Fig. 1 have been plotted. 


Table 1—Steam Delivery and Pressure Drop. 


Initial Steam Pressure (Lbs. Gage) 


4.6 4.7 
10.5 
20.7 
43.7 


6 
11916 


It will be seen that in plotting the curves some pressure had to be 
assumed as a basis and for this about 20 Ibs. absolute, or 5.3 Ibs. gauge 
was adopted, as this is the most commonly used low pressure. For any 
other pressure or drop, the factors are as given in Table 2. 

Thus from the curves it can be seen that a 
10-in. pipe at 5.3 lbs. gauge (20 lbs. absolute) 
and 0.6 Ibs. drop per 100 ft. will deliver 333 
Ibs. of steam per minute, while at 1 lb. abso- 
lute pressure it will deliver 333 x 0.25=83 
Ibs. with the same drop, or 333 lbs. with 
0.6 x 16.56=9.9 lbs. drop per 100 ft. 

The foregoing does not take into ac- 
count friction losses. To allow for each 
loss of pressure an arbitrary  percent- 
age may be added to the length of 
the line—usually 10% for fairly straight 
runs up to 25% for runs with numerous offsets. 
There is also a loss of energy encountered 
where the steam enters the pipe, this consisting of the pressure necessary 
to produce the velocity attained at the entrance and the pressure loss due 
to entering the pipe opening. This loss is usually considered as about 
the same as that obtained with a globe valve. The other large factor 
which must be considered is that of condensation. This depends on 
whether the pipe is bare or covered, the fact as to its being wet or dry 
and to the type and efficiency of the covering used. 

20 OE 
i 


FLOW OF STEAM IN PIPES—Low-Pressure Flow in Straight Pipes. No, 128-K. 
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4 FLOW OF STEAM IN PIPES—Low Pressure Chart. 
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FLOW OF STEAM IN PIPES 
High-Pressure Distribution Systems 
The accompanying chart is especially applicable to central station heating work, In 
ree it, first obtain the amount of steam needed per hour as a peak requirement. 
Where close estimating is necessary, the diversity of the peak loads in the various lo- 
cations should be considered. Then dein: pipe sizes by the chart, using the drop 
in par allowable under the condition 
ake a line 1000 ft. lone! ” Enidat pressure, 50 Ibs. Pressure at end of 
line, mo8 Ibs. Steam to be carried, 33,000 Ibs. per hour, From the chart (see dotted line) 
an 8-in. pipe is raeire 
Assume the sa problem with 120 lbs. initial pressure. 30 Ibs. at end of line. 
A 5-in. line will dandte 
(Curve derived ircei Babcock’s formula). 
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From “Central Station Heating,’ by Byron T. Gifford. 


FLOW OF STEAM IN PIPES—H. P. ends tebak EG J ‘SYSTEMS NO. 128-M & 
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ONE-PIPE GRAVITY STEAM SYSTEMS. 


General. 


The one-pipe system may be installed in several different 
ways and involves the use of only one control valve and one pipe 
connection to each radiator ; automatic air valves are used for re- 
lieving air the same as on the ordinary two-pipe system. As far 
as labor is concerned, the increase of one pipe size in the steam 
supply does not produce an appreciable difference in work of 
installation and the added cost of the pipe is small; in exchange 
for this, all return valves, return risers and (to a greater or less 
extent) all'return mains in the basement can be omitted, resulting 
in a considerable economy over the cost of a two-pipe job. 

While not the most satisfactory method in operation, the 
true and complete one-pipe system throughout involves the use 
of a single steam main of enlarged size to accommodate the con- 
densation in the bottom of the main, instead of a separate return 
pipe; the idea also assumes that the condensation will flow in a 
direction opposite to the flow of the steam which is, of course, not 
ideal. As a general rule, the smaller the quantity of water so 
flowing, the less will be the trouble resulting therefrom. 

With the true one-pipe system throughout, the steam main, 
risers and branches all pitch back to a point near the boiler where 
the condensation is allowed to separate itself and to drop down 
under the water line, returning to the boiler through the regular 
return connection. Such a system is seldom used, except for 
small residences, owing to the large quantities of condensation 
bucking against the flow of steam in the mains, and the slight | 
modifications necessary to eliminate this difficulty are almost in- 
variably adopted for any work of importance. 


ONE-PIPE STEAM SYSTEMS—General. 
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ONE-PIPE GRAVITY STEAM SYSTEMS. 


Circuit Main System. 


To obviate the difficulty experienced with the true one-pipe 
system, what is known as the “circuit main” system has been used 
with great success. In this scheme, as shown in Fig. 1, the radia- § 
tor runouts, risers and branches are left pitching down from the 
radiators and against the steam flow, but the steam main—the 
point of greatest trouble—is pitched with the flow of the steam 
so that the condensation flows along with the steam, instead of 
against it. At the end of the steam mainsrun a drip pipe, or 
“bleeder,” as it is commonly called, is dropped down below the 
water-line and carried back as a wet return. The pipes are 
pitched down in the direction indicated by the arrows and all 
pockets should be avoided by the use of eccentric fittings or 
flanges, while expansion must be properly cared for, both on the 
steam and return main and in the radiator connections to the 
risers. 

It will be noted that, with the exception of the runouts and 
riser branches, all of the condensation flows with the steam and 
as long as the risers do not get too big, 7. e., have too much radia- 
tion placed on them so as to produce an excessive quantity of con- 
densation flowing back down—there is no difficulty experienced 
with this piping arrangement. 
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ONE-PIPE GRAVITY STEAM SYSTEMS. 


Relief System. 


For larger jobs, where the area is considerable, but the height 
of the building low, a system termed the “‘one-pipe relief” system 
is used. This is shown in the illustration and consists of a steam 
main run around the basement ceiling, pitched with the flow of 
steam. Every riser in this scheme is dripped at the bottom and is 
supplied by a runout taken from the bottom of the steam main so 
as to drip the main at every riser connection. Thus the steam 
main does not carry any condensation from the radiators, and has 
its own condensation dripped at frequent intervals. 

The return mains for the “one-pipe relief” system are usually 
run along the walls near the floor and as nearly under the risers as 
practical. The return should be a wet return, but if a dry return 
is absolutely necessary the drips should all be water-sealed before 
connecting thereto. 


ONE-PIPE STEAM SYSTEMS—Relief System. 
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ONE-PIPE GRAVITY STEAM SYSTEMS. 


Mills System. 


THE MILLS SYSTEM 


For jobs where the quantity of radiation goes up to say, over 
600 sq. ft. per riser, it is better to use the overhead, or “Mills” 
system. This system and the “one-pipe relief” system more 
nearly approach a two-pipe job, having both steam main and a 
return main, but can be made in the one-pipe variety by using one 
radiator connection, with a single valve. A diagram of the well- 
known Mills system is shown herewith and it will be noted that 
all the steam is carried up one main riser to overhead mains run 
around the top of the building and pitched down from the main 
riser to the various'drops. ‘The drops have tees at the re-run 
around the top of the building and pitched down from the main 
at the top from the riser itself and from the radiators connected 
thereto, falls down through the drops—flowing with the steam 
all the way—and is finally drained off drips connected to the bot- 
tom of the drops and going to the main return—preferably a wet 
return, through which they find their way back to the boiler. 

The Mills system establishes more nearly ideal conditions 
and should be used for higher building jobs, but is a more ex- 
pensive system to install than either the “one-pipe circuit” or the 
“one-pipe relief.” In spite of this it should be used for all larger 
work where the other two systems would be liable not to give 


satisfaction. 


ONE-PIPE STEAM SYSTEMS—Mills System. NO. 129-C. 
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ONE-PIPE GRAVITY STEAM SYSTEMS. 


Radiator Connections. 


FIG. 1 FIG. 2 


A system which is theoretically correct, but wrong in small 
details, never gives satisfactory service any more than a system 
rightly installed in the details, but theoretically wrong in the 
general idea. 

In all one-pipe work the steam connection to the radiator is 
practically the same; the connections must be made at the bot- 
tom and must be controlled (as shown in Figs. 1 and 2) by a gate 
valve or angle globe valve looking down, both of these points 
being determined by the necessity of accommodating the flow of 
the condensation out of the radiator. The automatic air valve 
should be placed on the opposite end of the radiator from the 
steam valve and about one-third to two-thirds of the height of 
the radiator above the bottom. The runouts, of course, must be 
arranged to provide for expansion in the riser. 


ONE-PIPE STEAM SYSTEMS—Radiator Connections, NO. 129-D. 
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ONE-PIPE GRAVITY STEAM SYSTEMS. 


Radiator Runouts and Main Line Vents. 


~A.ulo. Air Valve 
Arta ed 


74 Pipe-/2'/9 


Rejurn Main 


Fig. 1 
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Riser 


Fig. 3 Fig. 4 


_For the “circuit” system (See Fig. 1, Sheet No. 129-A) where the steam 
main drops down under the water line, an automatic air valve should be placed 
to relieve the air caught between the advancing steam and the water seal, when 
starting up the system. Otherwise, the air so pocketed will interfere with the 
return of the condensation and cause all sorts of hammering and trouble. 
Best results are obtained when the air valve is installed as shown in the detail, 
Fig. 1. In the “relief” and “Mills” systems (Sheets Nos. 129-B and 129-C), 
no such air valves are necessary, but are sometimes used at the end of the 
large steam main, merely as an aid to help relieve the air more quickly when 
starting up. 

The steam runouts from the steam mains to the risers or radiators in a 
“circuit” system should be inclined down from the radiator or riser to the 
main and should enter the main at 45°, as shown in the detail drawing, Fig. 2, 
thus allowing the return condensation to flow along the bottom of the runout 
and down into the steam main without cutting across the path of the steam 
flow in the main. If the connection is made as shown in Fig. 3, the pouring 
into the steam main of the returning condensation is likely to interfere with 
the flow of steam therein. 

The runouts for a “relief” system should be inclined in the opposite direc- 
tion toward the drip connection at the base of the riser, as shown in the detail 
Fig. 4. It is practical to have these leave the main vertically downward, but 
the 45° connection is more popular. The runout from a steam main in the 
Mills system is generally arranged as shown in detail Fig. 5, and slopes toward 
the steam drops. 
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ONE-PIPE STEAM SYSTEMS—Radiator Runouts and Main Line Vents fj NO. 


Lim ate errant ate yan ammeter ad repeal date 


= 


Ne 


SS a ie vale ie 


th 


ee aa 9 as MIEN eh 


pr a 


Sar 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


ONE-PIPE GRAVITY STEAM SYSTEMS. 


Drop in Pressure and Rise of Return. 


Sleam Main 


igh hafer Line 
Borler Wwaler Lire 


The accompany drawing illustrates a diagrammatic elevation of a one-pipe 
system, assuming a 1-lb. drop in the steam line between the boiler and the end 
of the line at times of maximum load. Thus, with 5 lbs. at the boiler and 1 Ib. 
loss in the line the steam pressure at the far end of the line would be 4 Ibs. 
The water in the wet return then has a pressure of 5 Ibs. per square inch 
pressing down on its surface in the boiler and a pressure of only 4 lbs. per 
square inch pressing down on its surface in the vertical leg connecting with 
the steam main at the end of the run. This unbalanced pressure must equalize 
itself and does so by the water rising in the vertical leg until the vertical 
column of water in the leg counterbalances by its weight the difference between 
the two pressures; i. e., the pressure loss in the steam pipe. 

This loss is here assumed arbitrarily as 1 Ib. and since the weight of a 
vertical volume of water is 0.43 Ibs. per square inch for every foot of height, 
the rise of the water, under the assumed conditions, will be 1 lb. + 0.43, or 2.33 
ft. Asa general thing, it is customary to allow less pressure drop and to keep 
18 or 24 in. between the normal water-line and the high water-line established 
when the system is in operation. In other words, the lowest point of the 
stream and the radiation is kept at least 24 to 30 in. above the water-line of the 
boiler. In the circuit, relief and Mills system shown in Data Sheets Nos. 
129-A, 129-B and 129-C, the normal water-line (N. W. L.) and the high water- 
line (H. W.L.) is indicated at the point on the return connections farthest 
from the boiler. 

The high water-line should always be calculated to keep at least 6 in. 
helow the steam main or lowest level of radiation, so that, with 30 in. differ- 
ence, the water rise could not be over 24 in., with 24 in. difference the rise 
could not be over 18 in., etc. If 1 lb. = 2.3-ft. rise, then 16 oz. = 2.3x 12, or 
28 in. and 1 oz. = 1.8-in. rise. This results in a table for allowable rise as 
follows: 

Allowable Rise of Water in Allowable Loss in Pressure in 

Return Mains, Inches. Steam Mains, Pounds. 
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ONE-PIPE STEAM SYSTEMS. 
Pipe Sizing. 


The sizing of pipe of one-pipe mains may be based on an arbitrary 
rule such as D=!/y VR_ when 
D is diameter of main in inches 
R is the amount of radiation supplied 
Or the tables given in Data Sheéts 128-A, B, C, etc. may be 
used. Supposing a one-pipe system has a distance of 30-in. between 
the low end of the steam main and the normal boiler water-line. Then 
the permissible total drop in pressure is about one pound. If half 
of this loss occurs in the fittings and half in the pipe the pressure 
drop in the straight pipe must not exceed 1 lb. +2 or &% Ib. for the 
run which (if it is 200 ft. from the boiler to the end of the main) ~ 
would require the use of the “Table for % lb. drop—200 ft. run” 
(shown in Data Sheet No. 128-C). 
Having determined the size of the steam main, the return main 
may be sized on the basis of Table I or on the capacities given for 
return lines of all systems as shown on Standard Data Sheet No. 128-F. 


TABLE I. 


Size of Steam Pipe, Dry Return Wet Return,. 
Diam. Inches Diam. Inches Diam. Inches 
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1 
1% 
1 
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Of course in using any table for sizing pipes the radiction should 
all be reduced to E.D.R., as explained in full in Standard Data 
Sheet No. 13, before obtaining sizes from the tables. 

For cases where the condensation flows against the steam the 
table for % lb. drop (Standard Data Sheet No. 128-A) should be 
used and the pipe increased one pipe size. Dry returns on small lines 
are usually made one size less than the steam line supplying the 
same radiation, and Jarge dry returns, two or three pipe sizes less (see 
Table I herewith). 


ONE-P1PE STEAM SYSTEMS—Pipe Sizes. 
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ONE-PIPE STEAM SYSTEMS. 
Riser Sizes. 


For risers with steam flowing against the return from the 
radiators, as occurs in the “circuit” system and “relief” system, a 
velocity in the main of 10 ft. per second should not be exceeded. On 
this basis Table I should be used for up-feed risers. 


TABLE I. 


(Velocity of steam 10 ft. per second.) 
Size of Pipe Sq. Ft. of Radiation 
Diam. Inches 

1 


1% 
1% 
2 


2” 
3 
4 


With down-feed, such as o¢curs with the Mills system, an in- 
creased velocity of 50% or more is allowable, as shown in Table II 


TABLE II. 


Down-Feed Drops. 
(Velocity of Steam 15 ft. per second.) 

Size of Pipe, Sq. Ft. of Radiation, 
Diam. Inches. 

1 

1% 

ly 

2 


22 
3 
4 
Another authority sizes steam risers on a one-pipe system as 
shown in Table III. 
TABLE III. ve 


Nominal Size Up-Feed Riser. Down-Feed Riser. 
of Pipe 5 stories. Over 5 stories. 5 stories. Over 5 stories. 
Diam. Inches. Square Feet of Radiation. 
L 3 30 60 
14% 112 
ly, 162 
2 260 
600 
880 
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ONE-PIPE GRAVITY STEAM SYSTEMS. 


Radiator Connections. 


Size of Pipe, 
Diam. pene 


1% 


Table I. 
Square Feet of Radiation. 
(E. D. R.) 
24 or less 
24 to 60 
60 to 80 


1% 
Z 80 to 130 


Table II. 


a 1%-in. 1%-in. 2-in. 3-in. 4in. 5-in. 6-in. 8-in. 10-in. 
Fitting. Lineal Feet of Beauonal poate to be Added to Main 
90° Ell 5 4 5 10 13 17 20 27 33 
Globe Valve 8 10 5 20 27 33 40 53 67 
Entrance 5 8 10 15 20 P25 30 40 50 


1-in. 


Table III. 


Runout and Riser, Radiator Connections 
Diam. Inches. Diam. Inches. 

ly, 1 

1% ly, 

2 1y% 

Z 


Radiation. 
Sq. Ft. 
24 


Main Size, 
Diam. Inches. 
i 


Radiator connections should be not less than the sizes shown in Table I. 

All horizontal branches over 5 ft. long should be one pipe size larger than 
the riser to which they connect. This is due to the flow of condensation 
through the horizontal pipe being retarded. 

While it has been previously stated in this article that 25% is allowed as 
added to the actual length of the main to obtain an equivalent length for the 
fittings, sometimes the friction may increase 100% and when more accurate 
results are desired, the fittings, valves, etc., can be counted and the actual 
equivalent length computed. For this purpose the friction of each fitting and 
re must be assumed as equivalent to an added length of run as shown in 

able II. 

A method which can easily be memorized is to allow 60 pipe diameters for 
the “entrance,” each globe valve and each tee, where the steam passes through 
the branch, and 40 pipe diameters for each 90° ell; tees passed through on the 
run and gate valves may be neglected. The “entrance” friction is the friction 
occurring when the steam enters the pipe. 

For small residence systems Table III previously published in THE 
HEATING AND VENTILATING Macazrine for April, 1908, will serve as a very 
complete schedule. 


ONE-PIPE STEAM SYSTEMS—Radiator Connections. ae 129-I. 
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VACUUM HEATING SYSTEMS. 


General. 


The vacuum system of heating was primarily designed with 
the idea of reducing the back pressure on engines where the ex- 
haust is used for heating, but the advantages soon became so 
manifest that vacuum systems were speedily adopted for all sorts 
of work regardless of the fact whether the steam is supplied by 
en engine exhaust or from some other entirely related source. 

On the average vacuum systems of today very little vacuum 
exists except in the return line and (while it is possible for this 
vacuum to extend into the radiators when the steam is partially 
throttled down at the supply valve) the vacuum itself seldom, if 
ever, extends as far as the steam line. Indeed, many vacuum sys- 
tems are supplied with steam through a reducing valve which 
keeps 5 lbs. or more steam pressure on the supply line at any and 
all times. 

Therefore, a vacuum system may be defined as a steam heat- 
ing system in which the radiator connection to the return line is 
trapped and where the air and water pass through the trap into 
the return line from which both are removed by the suction of a 
positive-acting piston pump. 

The chief thing to be remembered in designing vacuum sys- 
tems is that there must be no direct connection between the steam 
and return main either through drips, radiators or water seals; all 
connections between the two mains must have a trap interposed 
to prevent the inrush of steam into the return line. 

Vacuum systems will operate with bottom connections and 
even with steam radiators, but the best results are attained when 
top-inlet water radiators are used in.conjunction with graduated 
supply valves, as this allows a partial or graduated heating of the 
radiator horizontally instead of concentrating the heat in a few 
end sections, as otherwise results. 

The quantity of radiation is not affected by use of a vacuum 
system over that required for gravity work (since the steam 
pressures are identical) and the radiation may be determined as 
explained in Standard Data Sheet No. 13. The chief advantage 
of the vacuum system over the gravity system, besides the grad- 
uation of the heat control, lies in the quickness with which the 
returns are sucked back by the vacuum pump and the correspond- 
ing reduction in pipe sizes on the return lines; air valves on the 
radiators are also eliminated. 

The amount and type of radiation having been fixed upon the 
next factors to be considered consist of the sizes and arrangement 
of the pipe lines. 


VACUUM HEATING SYSTEMS—General. | NO. 131. 
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VACUUM HEATING SYSTEMS. 
Pipe Sizing. 


The sizing of the piping for a system of vacuum heating is 
not at all difficult when the tables included in Standard Data 
Sheets 128-A, B, C, etc. are used. The two factors to be decided 
upon consist of the length of run from the source of steam supply 
to the farthest and most remote radiator, counting in all vertical 
as well as all horizontal travel; this gives the lineal distance the 
steam will have to flow in the worst case. The drop is usually 
taken so as to leave the steam with not less than 1 lb. pressure at 
the farthest radiator (but is seldom figured as over 2 lbs. total) 
and as the drop shown in the tables is for straight pipe only it is 
customary to allow 100% increase for fittings, since many mains 
contain enough fittings to almost double the friction obtained in 
the straight pipe. 

Thus, if 3 lbs. pressure of steam is generated and the farthest 
radiator must have 1 Ib. at the radiator then the allowable drop 
is 3—1=2lbs. Since the fittings absorb half the drop and the 
straight pipe the other half, each will cause a drop of 2/2 or 1 lb. 
And if the longest run is, say, 375 ft. the table for “Capacities of 
Steam Mains—1 lb. drop and 400 ft. E. D. R.” on Data Sheet 
128-D would be used to size the steam lines. 

For the return lines custom follows the sizes given in the 
table on Data Sheet 128-F for 15% steam, although the author of 
the table claims that 214% steam on the mains, and 714% on the 
branches would be sufficient. Owing to sediment, rust, etc., it is 
generally considered better practice to use the 15% capacities. 


VACUUM HEATING SYSTEMS—Pipe Sizing. E NO. 131-A. 
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Piping Details. 


Steam Main 


Dirf Foche? 


Felurn Main 


Having the proper schedules for sizing the lines the next thing is to 
arrange the lines properly. The steam main should slope down in the 
direction of flow with a drip on the end so as to allow the water and air 
(but not the steam) to pass off into the return line. Such main drips are 
usually connected -up as shown in Fig. 1, with a scale pocket in front of 
the trap to prevent foreign particles finding lodgment in the trap. If the 
trap is one operating on the thermostatic principle it must be protected 
from the direct action of the steam and slugs of water (which some- 
times shoot down the main )by a water seal, as shown in Fig. 2. 

Where it is necessary to pass the return line under a door, an air 
loop may be run over the top of the door at the same time so the return 
main can be brought back to the same level on the other side. This is’ 
illustrated in Fig. 3, the water passing through the lower pipe and the air 
up and over the loop, both uniting again beyond the door without placing 
any additional load upon the pump. 

If it is required to lift the return (a thing to be avoided if possible) 
a rise of moderare -amount—say 4 or 5 ft.—may be accomplished without 
much difficulty. This raise may be all in at one point or may be divided- 
into as many steps as desirable as long as thé total lift does not e.iceed 
the allowable limits. In order to lift the return a special arrangement 
called a lift fitting is necessary, this being shown in Fig, 4 and described 
as follows: ~ 

A common flanged tee two sizes larger than the main return pipe is 
attached to the end of the return at the point of lift; into the top of 
this tee is screwed a pipe one size smafler than the main return, the end 
of this pipe being run dwn to a point %4-in. below the level of the invert 
of the return. This results in the suction pulling up the water in 
preference to*the air and in the sucking in of globules of air so that 
the water and air are intermixed. At the top the riser is carried slightly 
above the level of the ‘higher main and is then turned over and con- 
nected into the higher main through two 45° ells, as shown; this prevents 
the slugs of water: falling back down the vertical leg. The main is then 
increased to its former size and runs along from the new elevation the 
same as before. 


VACUUM HEATING SYSTEMS—Piping Details. 
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VACUUM HEATING SYSTEMS. 


Piping Details (Continued). 
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Where several buildings are connected to a single return line, some near 
the vacuum pump and some more remote—or where one building has to em- 
ploy a lift in the return and another does not—it may prove desirable to con- 
trol the amount of vacuum carried on each building so as to equalize the effect. 
Thus the farthest building, or the one employing a lift, may receive the full 
effect of the vacuum, while the other buildings may be throttled down by 
means of a vacuum controller so as to have the vacuum applied to the radiators 
in every building approximately equal. 

The vacuum controlled is primarily a combination trap and reversed re- 
ducing valve. The trap lets all the condensation pass and operates on the 
bucket or float principle, but the air and vapor pass through a special air-line 
by-pass controlled by a weighted diaphragm valve so as to open whenever the 
vacuum in the building line is too small to close whenever it rises up to the 
proper degree. Thus the controller automatically permits the removal of water 
at all times but prevents more vacuum than that desired from reaching the 
building radiators. 

Fig. 5 shows how a typical piping connection for such a vacuum con- 
troller can be made. 


VACUUM HEATING SYSTEMS—Piping Details (Cont'd). ] NO. 131-C. 
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VACUUM HEATING SYSTEMS. 


Piping Details (Continued). 


: M7, hermostatic Lrap 


Air Line Bypass , 


Where large quantities of condensation are to be handled, 
together with comparatively’ small amounts of air, it is more 
economical to use a float or bucket trap to handle the water, and 
an auxiliary thermostatic trap to relieve the air. Such conditions 
are usually found in the draining of large mains and in fan blast 
heaters. For such cases the scheme shown in Fig. 6 is often 
used, the thermostatic trap handling what little air comes through 
the line and the water trap taking care of the condensation ; in this 
way the use of a multitude of thermostatic traps is avoided. 


VACUUM HEATING SYSTEMS—Piping Details (Cont'd). 
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VACUUM HEATING SYSTEMS. 
Sizing the Vacuum Pump. 


The vacuum pump is the heart of the vacuum system and the proper size 
of pump is often a question upon which an honest disagreement occurs. The 
simplest solution is the rule of thumb that the cubic displacement of the pump 
when operated at a reasonable piston speed—say, 80 to 100 ft. per minute— 
should be not less than ten times the volume of return water to be handled. 
This rule, however, seems to give smaller capacity pumps than good practice 
warrants and should be changed to fifteen times the volume. 

For instance, a system having 20,000 sq. ft. E. D. R. would condense some 
20,000 x 4 or 6,666 Ibs. of water per hour, which is 111 cu. ft.; this is roughly 
111/60 =1.8 cu. ft. per minute. Therefore, the pump displacement should be 
1.8x15= 27 cu. ft. per minute. At 80 ft. per minute piston speed this would 
mean a cylinder area of 27 + 80—0.34 sq. ft., or 0.34 x 144 = 49.16 sq. in. 
This is equivalent to an 8-in. diameter cylinder. 

The United States Government uses a longer and more complex method 
evolved by Warren Webster & Co., and which consists of assigning each 
pump a “factor” rating and then calculating total factors in the system, allow- 
ing 100 for each vacuum trap and 1 for each square foot of E. D. R.; thus, 
for a system with 20,000 sq. ft. of direct radiation and 400 traps, the total 
factor would be (400x100) + (20,000x1) = 

40,000 + 20,000 = 60,000 

The pump schedule is shown in Table I and it will be seen that by this 
method an 8 in. x 10in.x 14in. pump would be required which is quite a little 
larger than the size obtained by the first method, unless the multiple of 15 


is used. 
TABLE I. 
SINGLE-CYLINDER DOUBLE-ACTING VACUUM-PUMP FACTOR RATINGS. 
Size of Pump, Inches Factor Rating 
fo KA SS, 6830 
Bo eR ao G 7270 
BAK 4a (x 8 8000 
a he Be eS 10680 
eS ar AI 6 11350 
ee Sox. 8 12500 
44x Sx 8 15125 
ASG % G6 Vx. 5 15390 
4A 6) x 7 17215 
44x 6 x 8 18000 
2: ta Sess dO 19390 
Comex 1134 = 10 28250 
67x07 x12 30600 
Oe =e bers 10, 34410 
Ou xa 8) x12 36620 
Chae, ay 43627 
Sx. 9% x12 48957 
Sx 1084 212 57220 
STS HIOE S14 60250 
10. 2 12). 32 82397 
10 LO eee 90713 
10) 7) x:140 7016 122500 
12x 24028 26 133000 
126x160. 4x lG 161270 
14.° €:16 x26 173720 
16°" x18 4x20 219870 
16 x18 x14 233640 
18 x20 x20 271440 
VACUUM HEATING SYSTEMS—Sizing the Vacuum Pump. | NO. 131-E. 
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VACUUM HEATING SYSTEMS. 


Vacuum Pump Connections. 
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It is not necessary or even advisable to use any sort of a receiving tank 
before a vacuum return enters the vacuum pump suction. The only thing 
necessary is to install a good strainer close to the pump, with a valve on the 
building side of the strainer and a bypass connection to the sewer; this is illus- 
trated in Fig. 1. Sometimes a vapor condenser is installed in the return line 
with cold water inlet and outlet connections, the water circulating through 
interior tubes and condensing the vapor in the return line. In other instances 
a little cold water is added to the return itself in order to reduce its tempera- 
ture to below the vaporizing point. Where such jet water is used it is gen- 
erally introduced through the strainer which has a special tapping for this 
purpose. 

On the pump discharge the air, vapor and water are driven through a check 
valve and up into an air separating tank in which a float is located, controlling 
the return pump which takes its suction from the tank, or else the outlet of the 
tank is connected to the feed-water heater through a deep water-seal, as shown 
in Fig. 1. The air passes off through the air vent on the air separating tank. 


VACUUM HEATING SYSTEMPS—Vacuum Pump Suction Connections. 5 NO. 131-F. 
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VACUUM PUMP CONNECTIONS. 


3 (Pune 
Governor 


A vacuum pump, to produce the best results on a heating sys- 
tem, should maintain a vacuum of constant degree, the intensity of: 
this vacuum being at all times under the immediate control of the 
engineer. In order to do this, some sort of automatic device is 
necessary. 

The most satisfactory method so far developed. is undoubtedly 
the scheme of inserting a pump governor in the steam line supply- 
ing ‘the pump, as shown in Fig. 1, so that the pump will carry a 
constant vacuum on the suction line. This governor is operated 
by a small pipe (not shown) connected to the suction line, instead 
of to the discharge, as is the case with the regular pump-pressure 
regulator. 


VACUUM HEATING SYSTEMS—Pump Connections. No. 131-G. 
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VACUUM HEATING SYSTEMS. 


Radiator Connections. 


Runouts connecting radiators to risers even in vacuum sys- 
tems should never be less than 34-in., even when the radiator re- 
turn tapping is only %-in.; when the runouts are over 5 ft. in 
length they should be made at least one size larger than the radi- 
ator tappings. é 

Direct radiator tappings, indirect radiator tappings and wall 
coils should be as follows, based on E. D. R., and not on actual 
surface. 


BOD: -R, Condensation Supply Return 
Square Feet per Hour In. In. 
Lbs. of Water 
Up to 50 13 .. ¥% Coil 
Over 50 up to 100 25 : Coil 
Over 100 up to 150 38 ; Coil 
Over 150 up to 175 +4 : Coil 
Over 175 up to 300 75 2 Coil 
Over 300 up to 632 158 Coil 
Over 632 up to 1100 275 Coil 1 


VACUUM HEATING SYSTEMS—Radiator Connections. 4 NO. 131-H. Bf 
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VACUUM HEATING SYSTEMS. 


Radiator Connections. 


Runouts connecting radiators to risers even in vacuum sys- 
tems shduld never be less than 34-in., even when the radiator re- 
turn tapping is only %-in.; when the runouts are over 5 ft. in 
length they should be made at least one size larger than the radi- 
ator tappings. 

Direct radiator tappings, indirect radiator tappings and wall 
coils should be as follows, based on E. D. R., and not on actual 
surface. 


Be. RR. Condensation Supply Return 
Square Feet per Hour In. In. 
Lbs. of Water 
Up to 50 13 , : Coil 
Over 50 up to 100 Pot ) Coil 
Over 100 up to 150 38 ; Coil 
Over 150 up to 175 44 i 4 Coil 
Over 175 up to 300 75 : Coil 
Over 300 up to 632 158 Coil 
Over 632 up to 1100 275 Coibe:3 


ii 
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VACUUM HEATING SYSTEMS—Radiator Connections. NO. 131-H. @ 
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VAPOR HEATING 


ere p t bheric, modulated or / 
— 7, vaccum, vapor-vacuum, vecuum-vapor, atmospheric, f 
eich ‘of heating is consid ered os as meee be which thes ee nee 
Imari ted is practically at atmosphere, or slightly betow, or in j r 
ee ph ae age here and where no "pump or other positive mechenical device 
is employed to pull. back the returns. 


i 
FIG. 1. FIG 2. FIG. 3 FIG. 4. @ 
The vapor method of heating compares favorably both in economy and cost of § 
installation with water. i d it, (i is @ 


(Fig. 1) where the air relief line A leaves the top of the return tank X, this 
permitting the air to escape when it is eanght between the return water and the 


F A typical radiator connection is shown in Fig. 4 and it will be noted that the 

fi radiators are the water type with a top connection on the supply side. This is not 

i} absolutely necessary but with leg radiators it is an advantage, making the graduated 
valves V more accessible than if they were located at the bottom of the radiator as is 
customary with ordinary gravity steam systems. 
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VAPOR HEATING, 
Adsco System. 
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TYPICAL RADIATOR PIPING 


-ADSCO SYSTEM-— 
LAYOUT OF ADSCO SYSTEM WITH CENTRAL HEATING SERVICE. 
The Adsco system of atmospheric steam heating has been developed and perfected 

by the American District Steam Co. of North Tonawanda, N. ¥. ‘This system was 

one of the first o: the many so-called ‘“‘vapor” systems to be evolved and as such has had 
the ample opportunity of a long period of years to be perfected and brought to a final 

state of deyelopment. E th ‘ t 
_The piping system as designed to suit central heating conditions is shown in the 

typical layout given in Fig. 1. ‘ i 
The steam when coming from: the street is usually supplied at a pressure varying 

from 2 to 10 Ibs. and the special reducing valve is arranged to reduce and maintain 
on the system a pressure sufficient to give 5 oz. at the radiator valves. The sizes 
of reducing valve recommended are two pipe sizes iess than the diameter of the low- 
ressure-main; thus, a building requiring a 6-in. low-pressure main would be sup lied 
yy a 4-in. street connection and 4-in., or 4x6-in., reducing valve. The schedule of 
sizes recommended for 2 to 15 Ibs. street pressure is as follows: 


Radiation. Size of Reducing Valve. 
Sq. Ft. Inches. 
0 to 200 1x1% 
200 to 300 1%x2 
300 to 600 133 x 2% 
600 to 900 2x3 
900 to 1400 24%x3% 
1400 to 2200 3x4 
2200 to 2800 RIE oe 
2800 to 3600 4x5 
3600 to 6000 4x6 
6000 to 8500 Sx7 
8500 to 11000 5x8 


desi Straight valves with both inlet and outlet of the small size can also be used if 
esired. 
(To Be Continued) 


VAPOR HEATING—The Adsco System. 
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| FIG. 2—-ARRANGEMENT OF ADSCO SYSTEM WITH INDEDENDENT BOILER. 


If a steam boiler is used the piping should be run as shown in Fig. 2 and the 
boiler load will only be 80% of the total radiation, plus the steam main loss (not 
over 10%), making the total required boiler capacity 90% of the total radiation; to 
control e boiler pressure a special regulator is used, this being illustrated in 
Fig. 3. It consists of a mone float which rises on the surface of the water inside 

H of the vented regulator. This float is connected to a lever operating the draft and 
check dampers. The creation of any pressure in the boiler backs the water into 
the regulator and raises its water-line, thus operating the float. The saiety valve 
used on the boiler is set to relieve at-15.0z. pressure but can readily be adjusted down 
to 11 oz. if desired; its tapping is 1%4-in. size. 


FIG. 2-A—CONSTRUCTION OF ADSCO ‘FIG. 3—SPECIAL BOILER PRESSURE 
VALVE. REGULATOR. 


(Concluded on Data Sheet No. 132-C.) 


VAPOR HEATING SYSTEMS—The Adsco System (Continued). } No. 132-B. 
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VAPOR HEATING. 
The Adsco System. 
(Concluded from Data Sheet No, 132-B.) 
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FIG. 4—WATER FIG. 5—MERCURY FIG. 6—PIPE RECEIVER. 
GUAGE. GUAGE. 


To accurately 1 Sele the smal] amounts of pressure generated either the water 
gauge illustrated in Fig. 4 or the mercury gauge shown in Fig. 5 may be used. The 
water gauge is generally used on district heating systems but the mercury gauge may be 
applied to either. 

_ The steam main in the basement should be arranged so .as to secure the best 
circulation and with the minimum drop in pressure. In ail changes of direction on 
the main, bends, long sweep or 45 deg. fittings should be used, and the size of the 
steam main should at no point be decreased below 14%-in. 

The steam is carried in the steam main up to a point within four feet of the 

} graduated radiator valve; at this point the radiator branch is reduced to %-in. in size 
as all radiator valves have %-in. thread: The interior construction of the valve is illus- 
trated in Fig. 2-A, and it is designedto supplya given radiator with 80% of the amoum 
of steam it can condense under ordinary operating conditions and with 5 oz, of 
steam pressure on the supply pipe to the valve; the proper size of radiator is stamped 
on the valve top and the valves are made with stamipings in multiples of 5 from 

#10 sq. ft. to 200 sq. ft.; for this reason the size of the radiator must always be 
specified in ordering valves. 

The radiators used are common cast-iron surface, of water pattern. t 
_ The return lines serve to convey the water of condesation, together with the 
air, back to the point where the air separation.takes piace. In’ systems supplied 

4 from a street main and provided with a condensation meter a_ receiver is used, 
this being illustrated in Fig. 6. Such receivers have a minimum water depth of 30-in. 

fand the outlet pipe to the meter carried up to a height 8-in. below the top. 

W In Fig. 6, A indicates air vent pipe; B, return lines and the outlet to the meter. 
The diameter of these receivers is recommended to be as follows: 2 

iation Diameter of Receiver 
esa 


6 


8 
10 
12 


16 
The air pipe is usually made 1%4-in. and the air lines should be run at least 12 
to 15 ft. above the water-line, terminating outside the building wall or carried 
up through the roof. 


C1 . ? 
| Ny 
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VAPOR HEATING. 
The Broomell System. 
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TYPICAL RADIATOR 


BROOMELL SYSTEM 


_ The general scheme of piping is illustrated in Fig. 1. The pitch of the steam 
main is downward in the direction of flow and should not be less than %4-in. in 10 ft, 
with more if possible. Where circumstances make it necessary to pitch the main 
or its branches back against the steam flow the pitch should not be less than 2-in 
in 10 ft., with more if possible. The size of the main is determined by the ackedule 
shown in following: 


Radiatioz. Supe: Return. 
Square Feet Inches Diam. Inches Diam. 

100- 300 24% i 

300- 500 3 
$00- 900 3% 

900-1500 4 
1500-2000 4% 
2000-3000 5 
3000-5000 6 
5000-9000 7 
9000-14500 8 


The drop in eee is so small when the steam main ie sized on thie schedule 
as to sometimes be less than 2 oz. in a 12-story building, and the cross sectional 
area wil! be found to be about 0.009 sq. in. per square foot of radiation. 

The risers are sizec {rom the schedule shown below: 


Radiation Suppl Return 
Square Feet Paches aes: Inches Diam. 
100-Less 1 % 
100- 200 ; ¥, 
200- 300 % 
300- 500 

500- 800 

800-1000 
1000-1200 
1200- 

(To Be Continued.) 


VAPOR HEATING—The Broomell System. No. 132-D. 
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VAPOR HEATING. 
The Broomell System. 
(Continued from Data Sheet No. 132-D) 
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FIG. 3—DIRECT-RADIATOR 
RETURN CONNECTION. 
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DIRECT- 
RETURN 
CONNECTION. 
The interior construction of the “Quintuple” valve is shown in Fig. 2 sanply 
valves are made in six sizes for ¥%-in. pipe and one fer l-in, pipe (No. 6). @ 
sizes of the valves used on various capacity radiators is given in ‘Sable III. 


TABLE III 


FIG 


Size of Radiator 


200 or more : : No. 6 
Valves Nos. 0 to Since. have %-in. tapping; No. 6 has l-in, tapping. 


The radiators haye top inlet and bottom outlet at opposite ends and are, of 
course, of the water type; the surface is figured on the basis of 200 B. T. U. per 
square foot of radiation and no addition is made for ‘‘condensing’’ as the vapor heats 
the radiator all the way up to the return end. 


On the return connection of all direct radiators a special water-sealed union 
elbow is used, its construction being illustrated in Fig. 3. The design of this ell 
& permits the ready flow of condensation through the water seal, while the air 
4 is relieved gradually through the small by-pass hole in the partition sbove the seal. 
On the return connection of indirect radiators, a return trap is used, shown in Fig. 
4. The operation of this return trap is intended to prevent any loss of vapor 
through the return should the heat register or cold-air damper be closed, preventing 
the circulation of air through the radiator, From the return ells the air and 
condensation flow back to the main return pipe and thence to the water seal at the 


top of the receiver. 
(To Be Continued.) 


M VAPOR HEATING—The Broomell System (Cont’d). 
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At the receiver the water seal causes a separation of the air and condensation, the air 
passing up into the air line which is connected to the chimney. In this line 
is placed a small amount of condenser surface for the purpose of reducing to 
water any vapor which may be contained in the air, thus making the air exhaust 
into the chimney absolutely dry. 

In running the return main the line pitches down continuously to the entrance 
of a combined regulator-receiver at a grade of not less than %-in. in 10 ft. The 
horizontal runs between the union elbow and the riser for radiators on upper floors 
itches toward the riser and is made %in. in size while the risers are not made 
ess than 3-in. and are connected to the return main through horizonta}] branches 
which pitch down toward the main, , alae 

After being separated from the air the water of condensation sinks down in ij 
the receiver and eventually finds its way into the boiler through the lower pipe 
connection. : M4 

A detail of the receiver is shown in Fig. 5 and it will be noted that the } 
water in the receiver has its surface vented to the air through the opening in the 
shell ‘ieee above the relief valve; the return inlet at the same time is water-sealed, 
as well as the air-pipe outlet. , 5 

The distance between the wate-line and that of the extreme high water of the 
receiver should never be more than 18-in. so that the maximum boiler pressure cannot 
exceed %-lb. Tappings for these receivers are as given in Table IV. 


TABLE IV 
Radiation Receiver Return Air 
Square Feet Size Tapping Line 
In. Diam. In. Diam. 
2000 or less No. 1 2 1% 
2000-4000 No. 2 2% 1% 
4000-or up No. 3 3 2 
i 
5 a er : SEGAL a |. 
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VAPOR HEATING. 
The Moline System. 


A typical layout of the Moline system is shown in Fig. 1. It is a two-pipe arrangement, 
the steam line carrying the steam or vapor from the boilers to the radiators and the return 
line carrying the air and condensation from the radiators back to the boiler. At that point 
the water enters the boiler and the air is drawn into the - haiet fitting (Fig. 4) which dis- 
charges a mixture of air and steam into the condenser. ere the steam is condensed, the 
water finding its way back to the boiler by way of the condenser drip (through a check 
valve, along with the condensation from the return line) the air going out of the system 
through the special air trap and vacuum valve (Fig. 5). 

An innovation in this system is the use of a lock-shield globe valve on the return end 
of each radiator and another is the use of the ejector fitting to produce a pull on the 
return lines of greater intensity than can be secured by simply opening the return line to 
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TYPICAL RADIATOR 
-~MOLINE SYSTEM~ 


FIG, 1. 


the atmosphere or even by connecting the air-vent line to the chimney and employing the 
chimney draft. ; 

In the radiator supply valve (Fig. 2) a slotted sleeve is placed around the disc so that 
the disc will open these slots or ports gradually as it rises past the openings. The 
number of slots in the sleeve determines the le yatoe of steam which will flow for a 
given rise of the disc and the sleeves are arranged and sized to suit any size of radiator. 

The radiator return valves (Fig. 3) are all 14-in. and are of the lock-shield type. They 
are also provided with an interior sleeve, having small perforations, which allows the water 
and air to pass without permitting the loss of an undue amount of steam. They are ad- 
justable to suit any condition of service, t 

The illustration of the ejector (Fig. 4) indicates how the steam or air under pressure 
in the steam line blows out through the nozzle of the ejector fitting, creating by, its 
velocity, a suction around the jet, this suction drawing out the air from the return lines 
and discharging the mixture into the condenser. Connecting this ejector near the point 
where the steam main drops down under the water-line takes the place of an air valve at 
this point. The steam used to operate this device is condensed in the condenser coil and 
there gives up its heat. By placing the condenser coil in the basement this serves to heat 
that part of the building. 2 

(Continued on Data Sheet No. 132-H.) 
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i The operation of the air trap (Fig. 5) is that of an enormous vent valve and is 


i accomplished by the expansion and contraction of the air contained in a float with an open 
tj bottom. No expansion post or volatile liquid is used in this trap. The trap allows the 
{air to discharge into the pipe shown, on which is placed a vacuum valve. ‘The function of 
| this valve is to close off and prevent the return of air into the system whenever the pressure 
falls below that of the atmosphere. : 
i In sizing the piping for this system the schedule shown in Table I may be used if the 
lf length of the mains does not exceed 100 ft. Each elbow should be counted as 10 ft. 
bY additional run. 
i No horizontal supply branch is reduced to less than 1 in, and no horizontal return 
6] branch to less than 34-in., while all supply mains are made 2 in. or over. The sizes of 
i risers are ordinarily made at least one size larger than the radiator yalve and, if there are 
turns in the line, they are made two sizes larger, the increase being made immediately 
below the radiator valve. 


ft TaBiE 1. 

i) ©6E-quivalent Dry Air 

i Direct Steam and Water Wet 

ff §=Radiation Supply Return, Return, 
Sq. Ft. Ip. Diam. In. Diam. In. Diam. 
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VAPOR HEATING. 
The Webster System. 


The layout of a typical Webster modulation system is illustrated in Fig. 1. 
Steam is fed to the radiator at the top in the customary manner while the returns 
pass out of the radiator through a trap, and return to the boiler through a check 
valve, the air being relieved on the way by means of the Webster modulation vent trap. 

The supply to the radiator is controlled by means of the Webster modulation 
valve which is produced with six different st les of handles although the No. 10 
handle (illustrated in Fig. 2) may be considered as the standard, owing to its 
greater popularity. ‘This valve is constructed as shown in the cross-section, Fig. 2, 
and controls the flow of vapor into the radiator by lifting a valve cylinder with a 
diagonal cut past the valve seat so as to increase and diminish the orifice. 

On the return end of the radiator a positive trap is used, this being 
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preferably the “Sylphon” trap, a thermostatic trap with the expansion member 
formed by a ay igen bellows made of seamless tubing with twelve corrugations. 
A cross-section of this trap is shown in Fig. 3. Owing to its thermostatic operation 
“a a pass cooled condensation or air but closes when hot steam strikes the 
ellows. 

Another slightly cheaper type of trap which is sometimes used by the same 
organization is known as the No, 7 trap. This second type of trap is of the multi-dia- 
phragm type and its operation is similar to that of other disc traps already described. 

Vater radiators are used and the claim is made that this system of vapor 
heating can do everything which can be done with hot water and a few things 
which with hot water are impossible. A 

The piping system is designed so as to secure the circulation of the vapor with 
a very small pas acy not over 2 oz. per 100 ft. of run or its equivalent. The 
ed on Data Sheet No. 132-J) 
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ends of the steam mains are dripped into a wet return, which is carried back to the 
boiler without passing through a check valve. The radiator returns, owing to their 
carrying air are run back as dry returns to the point where the vent trap is located, 
and bypass around the trap, entering the boiler through a check valve as shown 
in Fig. 1. The vent trap, which is illustrated in Fig. 4, operates to relieve the 
system of air. ‘The air pressure as it accumulates causes the water line in the trap 
to lower which in turn allows the float to fall, thus opening the valve on the 
air vent pipe. 

The last important item of success in this system is not in any way connected 
with the piping but is installed directly on the boiler, being the damper regulator. 
As can be seen in the cross-section view, shown in Fig. 5, this device consists of a 
lower chamber partially filled with water. From the bottom of this chamber a 
small pipe is carried up and connected to the lower space below the diaphragm 
so that any pressure exerted on the surface of the water in the lower chamber 
will result in driving the water out through the pipe and up into the upper chamber 
where it exerts an upward pressure ou the diaphragm and thus operates the dampers. 
A steam pipe from the steam main is connected into the regulator just above 
the water level in the lower chamber and any increase in steam pressure at once 
heging fo drive out the water and thus operates the diaphragm which controls 
the drafts. 
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VAPOR HEATING. 
The Dunham System. 


In the Dunham system, as developed by the C. A. Dunham Co., Chicago, Ill., the 
piping is arranged as shown in Fig. 1. This is a closed return system, with each 
radiator having a trap which prevents the steam entering the return line. 

The steam passes from the boiler B into the steam main SM in the usual manner 
and up to the radiators, into which it flows through the Dunham packless inlet valve, 
(Fig. 2). This valve utilizes a series of diaphragms for allowing the free up-and-down 
movement of the spindle without steam leakage, and at the same time obviating the 
possibility of leakage without the use of packing or stuffing boxes. This valve is 
not made in the graduated type (although it is equipped with plate and indicator 
showing when valve is “On” and “Off’?) as the Dunham Company does not believe in & { 


AE Air Ebimnator 

AV Aur Line Valve 

rig rip 

RH Refera Yon 

SH Sleam Mair 

Tey Durhow Rad trae 
Vv Pachless balve 
WR Wel Relorn 


Leadiafor connecr- 
107s O71 fig Site 
siriuler Jo hose shown 


RADIATOR PIPING 
oe 3) Np Un 3 9 ap WU oes) hol OF i pa Wa 


FIG. 1.—TYPICAL LAYOUT OF DUNHAM SYSTEM. 


the possibility of graduating the supply of steam to radiators. The manufacturers state 
that they believe the amount of steam that will flow through a certain orifice is 
dependent upon the differential in pressure as between one side of that orifice and the 
other and that in a heating system this differential is beyond the control of the 
operator. It is next to impossible to maintain an absolutely constant pressure of 
steam upon the boiler, and it is quite impossible to regulate accurately the con- 
densing powers of the radiator. Also that while some persons claim that they are able 
to positively regulate the pressure upon the boiler, no one claims to be able to es- 
tablish a constancy in the outside weather conditions, the changing of which also # ' 
changes the condensing capacity of the radiator, The construction of the Dunham f f 
valve permits it to be partially opened or closed at will, thus restricting the flow of § f 
steam to the radiator the same as for other valves of graduated type. 

This valve can be used on any two-pipe steam heating system, either vapor, &# 
vacuum or pressure. It is made in the angle-pattern, lever-handled type onlv, and i 
for that reason it is recommended only for radiators with top connection, although § 
it will operate just as satisfactorily when connected to the bottom of radiators. 

After passing through the radiator the air and condensation escape through the } i 
Dunham radiator trap (Fig. 3). we Ns!) 

When the radiator has filled with steam and the steam surrounds the disc in the 
trap, the volatile fluids within the disc are heated and vaporized, thereby creating a 
pressure within the disc; this internal pressure expands the disc, the valve seats over 


(Continued on Data Sheet No, 132-L.) 
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The Dunham System. 
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L “wae (For pressures not exceeding 10 pounds gauge) 
| ‘Squere Feet 
diation 


Upto 40 
41 to 100 
101 to 180 
181 to 300 


pressure not exceeding 10 lbs. gauge.) 


Capacity Dimensions 
Toss Seated 
apping| Radiation 
Sq. Ft. A B | C D E 


¥ in. 350 334 | 114 | 25% |3 15/16) 14 


the opening, and waste of steam is prevented. Subsequent water and air forming in 
the radiator fall to the bottom, surround the disc, condense the gases within it, and 
the disc contracts, raising the valve from its seat and allowing the air and water to 
yass out into the return line; steam following behind the air and water, causes disc 
to again close. 

The Dunham radiator trap is for use on all two pipe steam systems, using steam 
from a minus pressure, as in the case of a vacuum system, up to 10 Ibs, pressure 
above atmosphere; it can be applied on either steam or water type radiators. ‘The 
use of water type radiators is recommended, however, as circulation through the 
radiator takes place more quickly and at a lower steam pressure. 

The steam_main pitches on down to the point when the last radiator connection 
is taken off. Here an air vent is located to relieve the air, the pipe being run to 
a Dunham air line valve which permits the air to escape into the return line, while the 
condensation flowing along the main is relieved by a drip at the end of the main 
ee eens down under the water line and is connected to the wet return to 
the boiler. 

The return main runs parallel with the steam main and pitches down in the same 
direction. At the end of the run a tee is placed and the condensation passes off 
through the bottom outlet of the tee and back into the boiler through a check valve. 
The level of the return main must be kept at least 24-in. above the boiler water 
line as far as the location of the above mentioned tee. 

This is owing to the fact that from the top outlet of the tee a connection is 
made to a Dunham air eliminator valve which relieves all the air in the system by 
allowing it to escape into the atmosphere. 


VAPOR HEATING—The Dunham System. 
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VAPOR HEATING. 
The McAlear System. 


McAlear vapor and atmospheric appliances, manufactured by the McAlear Mfg. 
Co., Chicago, Ill., are separated into two distinct systems which are differentiated by 
this manufacturer as follows: 

“A vapor system is one which generally operates within 2 lbs. of atmosphere 
and should be provided with some positive means to return condensation to the 
boiler at any pressure difference between the boiler and the returns.” 

“An atmospheric system is one which is operated at within a few ounces of 
atmosphere and depends for its successful performance on very sensitive damper 
regulation, since any rise in boiler pressure will prevent the return of the con- 
densation.”’ 

The distinction, as above enumerated, practically boils down to this, that a vapor 
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system is capable of carrying up to 2 lbs. gauge pressure (due to the automatic return 
trap being able to return the water to the boiler under this pressure) whereas the 
atmospheric system has no such return trap and, therefore, must operate at a lower 
pressure of only a few ounces. E : 
The requirements consist of special modulation valves on the radiator supplies, 
special traps on the radiator returns, a special return trap or special air valve at th: 


(Continued on Data Sheet No. 132-N.) 
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(Continued from Data Sheet No. 


boiler and (with the atmospheric system) a special super-sensitive damper regulator. 

The vapor system is illustrated in Fig. 1. The steam and return mains must be 
liberally sized so as to reduce the pressure drop to a minimum, while the return 
should be only one or two sizes smaller. The mains must be properly pitched and 
drained through traps to prevent steam blowing through into the return line. The 
return must be run without pockets and be pitched in the direction of flow in order 
to permit freedom of air removal. 

The modulation valves are of the packless type (Fig. 2) and are made in sizes 
and carry the dimensions shown in Table I. 


Tasre I. 
Inches. 
Size of valve ‘4% % 1 1% 1% 
Face of outlet to center line of outlet 1% 15/16 1% 1% 2 
Face of inlet to center line of outlet 2% 2% 3% 3% 3% 
These valves are made in angle pattern only and employ varying 
dises to suit the different sizes of radiators. 


On the return end of each radiator is placed a Perfection radiator trap (Fig. 3). 
By swinging on the union the outlet may be pointed down or 45° forward or back. 
This obviates the necessity of using right and left-hand valves. These traps, known 
as No. 28, come in one size only %-in., and are good for anything up to 300 sq. ft. 
of direct cast-iron radiation. For blast coils and other large amounts of surface, a 
larger trap is made. The dimensions of No. 28 are: 

Face to center of inlet, 21/16 in.; face to center of outlet, 2%4 in.; diameter of 
valve body, 2% in. 

After passing through the radiator trap, the air and condensation follow down the 
return line and back to the boiler. Near the boiler the return line has connected in 
parallel an “air exhauster and return trap” (Fig. 4). It operates whenever the boiler 
pressure is sufficient to back up the return into its chamber. The principle of operation 
is the rising return which lifts the float and opens the steam inlet. This equalizes the 
pressure on both sides of the water so that the water falls into the boiler by gravity. 
After discharging, the air relief opens, relieves the steam pressure, the returns again 
flow into the trap and the process is repeated. 


(Concluded on Data Sheet No. 132-0.) 
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VAPOR HEATING. 
The McAlear System. 


(Concluded from Data Sheet No. 132-N) 


The atmospheric system follows throughout the same piping, valves and radiator 

connections described for the vapor system except at the point where the returns enter 

H the boiler. Here no automatic return trap is provided but instead a Kieley air trap is 

f| substituted, this trap being constructed as shown in cross section in Fig. 5 and with 

{ the piping arranged as shown in Fig. 6. These traps are built in eight sizes for 
| various heating system capacities, as shown in Table II. . 


' Taare II. 


‘ , No. of Trap. Sq. Ft. phaciau ate 
to 

901 to 1300 
1301 to 2000 
2001 to 3300 
3,301 to 5000 
5001 to 8300 
8301 to 11500 
11501 to 16500 


NA MBROVON RO 


As can be seen, this trap simply and solely relieves the air from the system and 
does nothing to help return the condensation against the boiler pressure. Thus, a very 
small increase in the boiler pressure is sufficient to flood the return and air bind the 
system if the return main is anywhere near the same level as the boiler water line. 
For this reason a vapor regulator is used to control the heating boiler, this being 
a very sensitive device which gives control of the boiler pressure by ounces and will 
operate at any pressure from 3 lbs. gauge down to 5 in. of vacuum. 
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VAPOR HEATING. 
The Sterling System. 


_ In the Sterling system, manufactured by the Sterling Engineering Co., Milwaukee, 
Wis., the boilers, radiators, pipe and fittings are the same as those used on_ other 
types of systems. The return pipe from the radiators, however, is connected into a 
general return main on which an air eliminator is installed; it is open to the 
atmosphere until all the radiators are full of vapor. This, of course, permits the 
vapor to flow into the pipes and radiators without resistance, immediately filling the 
entire system with vapor to the point where the thermostatic trap is installed on the 
bottom of the radiator. When the vapor reaches this point it comes in contact with 
the diaphragm in the miniature trap installed on each radiator. ‘The operation then 
follows the usual course, the vapor causing the volatile liquid to expand, preventing 
the escape of vapor from the radiator. 

The air and water are carried in the return pipe to the basement, the air from 
the syaten being discharged to the atmosphere through the automatic air eliminator, 
and the water or condensation being returned to the boiler. Means are taken through 
the use of an automatic vapor damper regulator to keep the vapor in the boiler at 
a uniform pressure and the graduated supply valve on each radiator (Fig. 1) places the 
room temperature under the control of the occupant. These supply valves are of the 
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FIG. 1—TYPICAL LAYOUT OF THE STERLING SYSTEM. 


packless quick-opening type. They have the desirable feature that the tension between 
the packless disc and the stem can be regulated by loosening or tightening the screw 
in the top of the handle. The valve can be easily taken apart. 

In the construction of the Sterling diaphragm radiator trap it may be noted that 
the diaphragm cannot collapse from pressure and that it has a continuous, rather than 
an intermittent, discharge. It also has a vertical self-cleaning seat, while the dia- 
phragm is concave, assuring fiexibility. 

A unique feature of the Sterling thermostatic trap is the adjustment device by 
which the position of the diaphragm in relation to the seat can be regulated without 
removing the trap from the radiator or disconnecting it from the return line. By 
means of this adjustment, the diaphragm. can be set in the proper position with the 
steam turned on and thus an accurate adjustment made. After once set in place, the 
lock screw is turned down against the end of the diaphragm stem, preventing the 
diaphragm from getting out of adjustment. The adjustment is covered by a washer 
and name plate which are held in place by a threaded ring in the top of the cover, 


thus hiding the adjustment from the eye and preventing same from being tampered with. 
Regarding the air eliminator used, this should be placed at least 30 in. above the 
water-line of the boiler. It is a self-contained unit and has a check to prevent outside 


air from being drawn into the system. 
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VAPOR HEATING—The Sterling System. 
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VAPOR HEATING, 
The Sterling System. 


(Continued from Data Sheet No. 132-P.) 


The Sterling alternate receiver, used on large vapor installations or where the 
distance between the water level in the boiler and the level of the return line at the 
boiler is less than 30 in., is an ingenious device, designed to return the water to the 
boiler against pressure. 
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PROPER METHOD OF CONNECTING STERLING ALTERNATOR AND AIR 
SEPARATOR 


The valve in the Sterling alternator and air separator never leaves its seat. It 
is of the slide-valve type and as the trap or receiver fills and discharges, thus raising 
and lowering the float, the slide valve moves forward and backward over the steam 
and exhaust ports, first allowing the air from the system to escape to the atmosphere, 
as the receiver fills, and then admitting steam from the boiler, when the receiver is 
full. This places the receiver under boiler pressure and causes the condensation to return 
to the boiler by gravity. The level of the outlet of the receiver can be within 6 in. 
of the water-level of the boiler. 

The Sterling alternate receiver and air separator is for use especially on large 
installations or where it is not practical to use the air eliminator owing to lack of space 
to install the air eliminator 30 in. above the water-line. The alternate receiver can 
be placed as low as 6 in. above the boiler water-line, as there is no relation between 
the pressure carried on the boiler and on the return main when this receiver is 
used. It is capable of draining the system thoroughly, eliminating the air without 
loss of vapor and discharging the condensation to the boiler, regardless of the pressure 
carried, up to 25 lbs. It also prevents air from being drawn into the system and 
makes an excellent return trap. 


(Concluded on Data Sheet No. 132-R.) 
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2—STERLING RADIATOR 
VALVE. 


FIG. 3—STERLING RADIATOR TRAP. 


‘ 


ROUGHING-IN_ DIMENSIONS OF STERLI 
VALVES AND TRAPS. ue 


D Capacity 

ly, Up to 70 ft. 
% 70 to 150 ft. 
1 150 to 225 ft. 


Capacity 
Up to 75 ft. 
; on Ae to ae ft. 
2 to 500 ft. 
: NOTE—The above measurements are given in inches, 
capacities in square feet of radiation. For radiators 20 


in. and lower in height and long radi i 
valv : ator 
alve one size larger. s on coils use 


VAPOR HEATING—The Sterling System (Concluded). | No. 132-R 
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VAPOR HEATING. 
The Trane System. 


In the Trane System of vapor heating, developed by the Trane Co., La Crosse, 
Wis., use is made, in the larger installations, of the Trane Thermetal trap on the 
return end of the radiator. This trap is of such unique construction and has created 
such a stir in engineering circles as to give it special prominence among the radiator 
traps now on the market. } 

A typical layout of the Trane system is shown in Fig. 1. The specialties used 
consist of a vapor regulator for controlling the draft, a direct-return trap, a graduated 
vapor valve for the radiator inlets and the Thermetal valve already mentioned for the 
radiator return connection. 


FIG. 1. 


0... Botler 

G. Return Trap 

Dz ...Drip 

E.... .Thermeétal Trap 

RM.. Retura Main 

SM... Steam Main 

V. Graduated Valve 

FY. Float-Vent Trap 

SC.. Steam Comection to Trap 
YC. Vent Comnection RH.  y 


Radiator connections on 
this side similar to those 


TYPICAL RADIATOR 


TRANE SYSTEM 


For smaller installations the company has a special return fitting for use in place 
of the Thermetal trap, and a receiver and air exhaust valve in place of the direct- 
return trap, for separating the air and returning the water of condensation to the boiler. 

In installations where the Thermetal trap is used, the system is made safe, re- 
gardless of the pressure, through the direct-return trap (Fig 2). If, for any reason, 
due to faulty handling or mismanagement, the fire is allowed to burn too vigorously 
and a pressure is created on the system so that the water will not return by gravity, 
the water fills up the body of the direct-return trap, lifting the float and finally, when 
the float reaches the top, the steam valve in the top of the direct-return trap opens, 
forcing the water back into the boiler. The vent valve on top of the direct-return 
trap is also closed so that steam will not pass into the returns. 

When the water is forced into the boiler, the float lowers and again operates the 
steam and vent valve, closing the steam valve and opening the vent valve, so as to 
equalize the pressure in the direct-return trap body with that of the return piping, thus 
allowing the water to again flow into the direct-return trap body by gravity. This 
epereten is continuous so long as there is pressure on the boiler in excess of that 
required. 


(Continued on Data Sheet No. 132-T.) 
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VAPOR HEATING. 
The Trane System. 
(Continued from Data Sheet No. 132-S.) 


The manufacturers advocate the use of a direct-return trap on all gravity plants 
where the radiators are equipped with traps, because on such plants there is always 
a difference in pressure between the supply and the return, due to the operation 

mM of the radiator trap. 

The fact that thé Thermetal trap (Fig. 3) is a comparatively recent development 
lends special interest to its construction and operation. It is a thermostatic trap, 
but instead of being actuated by a mass of liquid, this function is performed by a 
mass of metal. Through the circular 
construction of the operating mechanism, 
an unusual expansion per degree differ- 
ence in temperature has been obtained, 
while, at the same time, a straight-line 
motion makes it adaptable to the ordin- 

mw ary type of thermostatic trap. It is 

3 also to be noted that the trap is af- 
fected by temperature only and not by 
pressure. ‘This makes it an easy matter 
to design these traps for various differ- 
ences in steam pressures. 

The vapcer rezulator, shown in Fig. 
4, is connected into the steam dome or 
into the supply pipe on top of the boiler, 
and chains run from the end of the 
lever arm to the draft door and to the 
check draft in the smoke pipe. The 
pressure in the boiler operates on the 
body of water in the bottom of the 
regulator which, in turn, forces up the 
large diaphragm connected to the lever 
arm, closing the draft as the pressure 

8 increases, and opening it again as the 
mM boilcr pressure goes down. An adjust- 
Mi 6able weizht on the lever arm permits any 

H desired boiler pressure to be maintained. 

A feature of the ra‘iator inlet valve 
(Fig. 5) is that opening the valve lifts 


DIRECT RETURN TRAP. 


the disc from the seat and at the 
same time raises the shell or sleeve 
gradually past a port in the side of 
the valve so that the supply of vapor 
to the radiator is proportioned at all 
times to the position of the valve 
handle. The sleeve rises and re- 
volves at the same time, giving a re- 
volving motion, and serving to keep 


a FIG. 4—VAPOR REGULATOR USED WITH 
: TRANE SYSTEM. 


the sleeve clean, thus pre- 
venting scratching or scor- 
ing of the valve body. 
Water types of radiators 
Mm are used with this system, 
bf} «tapped top and bottom, op- 
posite ends for first floor 
and the same end for up- 
per floors. The return 
should have eccentric bush- 


ings. 
FIG. 3—CONSTRUCTION OF TRANE THER- 
METAL, TRAP. 
(Concluded on Data Sheet No. 132-U) 
LOTTI RS AS EEF A TN 
VAPOR HEATING—The Trane System (Continued). No. 132-T 
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VAPOR HEATING. 
The Trane System. 
(Concluded from Data Sheet No. 132-T.) 


For smaller installations of the Trane system, the company recommends the use 
of a receiver in place of the direct-return trap and a special return fitting at 
the return end of the radiator in place of the Thermetal trap. 

The receiver (Fig 6) is primarily a safety device, its function being to receive the 
air and condensation coming back from the radiators, to vent the air from the 
system without permitting the escape of steam, and to return the condensation to the 
boiler under all operating conditions. While in the larger installations the direct- 
return trap is used to make the system safe, in smaller installation this is accom- 
plished by the receiver. Under ordinary conditions, the air will be vented and the 


ric, By GaN: xADIATOR INLET FIG. 6—RECEIVER OF TRANE 
VALVE. SYSTEM. 


condensation will return to the boiler by gravity. If the boiler pressure should 
happen to increase, the condensation collects in the receiver until there is a sufficient 
amount to raise the float. When this occurs, it closes the air vent to the atmos- 
phere, sealing the system, and the difference in pressure between the boiler and 
receiver then becomes so small that the water will flow back to the boiler. This 
operation is automatic and will continue as long as the pressure in the system is 
higher than that ordinarily required. There is at the top of the receiver an exhaust 
valve, allowing the air to escape from the system and preventing the escape of steam. 
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ROUGHING-IN DIMENSIONS OF ROUGHING-IN DIMENSIONS OF 
TRANE RADIATOR VALVES. TRANE THERMETAL TRAPS. 


The special return fitting for radiators used in smaller installations has two 
separate openings for the quick escape of air and water from the radiator. When these 
return fittings are used, the radiators should be bushed for top and bottom connections 
as follows: 

20 ‘eq. ft. and!) andetc sve ccm vcavccaesesies esos! 941s X Mins 
Zin tON G4e BO. ELkee asa sites cree aad ede dias viviciwevicle.e: S4°UR, KX S4UkTy 
64 eq ita ONG). OVETaus a wunclealeciGelecisceescecck, © 1ieK 5440: 
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176 sq. ft. and over.... 
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VAPOR HEATING. 
The Mouat System. 


The Mouat vapor heating system will be found distinctive in its simplicity. 
It is a Vapor System in a true sense, the range of operating pressure being entirely 
above atmosphere, running from a fraction of an ounce to a maximum of not over 
three ounces at the boiler. 

There is an absence of any mechanical or thermostatic devices designed either 
to produce a vacuum or to serve as radiator or boiler return traps. 

The pressure is controlled by the Mouat vapor and damper regulator. This 
is a sensitive device designed to automatically operate the boiler drafts, producing 
the low, constant pressure so necessary for successful graduated heat control. 

The operation of ‘the regulator is as follows: The stationary tank “A” (Fig 1) 
is connected to the boiler steam space by pipe “B”, and is automatically kept full 
of water to the overflow level “E” by the condensing surface of tank ‘‘A” itself. 
The boiler pressure is transmitted to the top of the water in tank “A,” forcing the 
water through the flexible connection ‘“K” and the hollow arm ‘“C” into the tilting 
tank “FF.” The weight of the water causes tank “F’’ to drop, closing the ash pit 
damper “G” and opening the check draft damper “H.” A slight decrease in the 
boiler pressure causes a reverse operation to take place. “J” is an adjustable weight 
permitting the regulator to operate at varying pressures. The regulator is entirely 
separate from the boiler water-line and is not affected by high or low water in the 
boiler or by fluctuation due to an unsteady water-line. 

The Mouat packless graduating supply valve (Fig. 2) .is of the lift seat, com- 
pression type; a sleeve attached to the bottom of the seat providing the graduating 
feature. A sliding stop and locking collar provide a means for adjusting the valve 
lift, thus enabling individual valve adjustment at each radiator. 

The Mouat radiator return fitting (Fig. 3) consists of a vented water seal 
constructed so as to drain completely when the radiator is turned off, thus preventing 
freezing. The return fitting presents a retarding influence to the flow of vwapor at 
the radiator outlet, causing the radiator to fill completely with vapor. 

The entire system is vented through the Mouat main vent valve (Fig. 4). 
This valve provides for the removal of all air from the radiators and mains, but 
prevents the loss of vapor. This is accomplished by a water-seal that forms in the 
vent valve only when vapor is present, effectually preventing its escape. The vent 
has no thermostatic or mechanically operated parts. 


(Concluded on Data Sheet No. 132-W) 
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VAPOR HEATING 


The Mouat System 
(Concluded from Data Sheet No. 132-V) 


The general system of piping is shown in (Fig. 5) and is self explanatory. The 
piping is arranged to produce an even distribution by placing the last radiator to get 
heat nearest the vent: this will be found 
to prevent sluggish circulation in the ra- 
diators at a distance from the boiler. 

With a maximum pressure of 3 oz., at the 
boiler it is possible to heat buildings of 
almost any size, the range of satisfactory 
installations running from a few radiators 
to hundreds of units. The low, constant 
pressure carried results in comfort and 
economy due to successful graduated heat 
control at the radiators and sensitive regu- 
lation of the boiler drafts. 
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VAPOR HEATING. 


The Hutchison System. 


A distinctive feature of the Hutchison system, developed by the Hutchison Vapor 
Heating Corporation, Washington, D. C., is the fact that there is no trap at the indi- 
vidual radiators, the returns being trapped at the boiler by means of the Hutchison trap- 
receiver and damper regulator combination, shown in Fig. 3. 

In Fig. 1 is shown a typical connections diagram for this system. Steam or vapor 
generated at the boiler flows out through the supply mains and risers and is admitted 
to the radiators through the Hutchison packless graduating valve (Fig. 2) of which there 
is one at the inlet end of each radiator. Condensation leaves the radiators through the 
Hutchison union elbow (Fig. 4) and is fed through the return lines to the trap-receiver 
at the boiler. 

The Hutchison damper regulator is operated by the weight of water which is forced 
into its reservoir from the trap-receiver upon a rise of boiler pressure and which passes 
from this reservoir into the trap-receiver upon a fall of boiler pressure. ‘This regulator 
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is adjustable from 2 to 6 oz. pressure by simply changing the setting of the reservoir on 
its indicator plate and figures opposite each setting on this plate show the pressure of 
the setting. : 

Hutchison special safety valves of the side lever, pop type are supplied in four sizes 
from 1 in. to 2 in. for boilers of 700 to 3500 sq. ft. radiation; for larger sizes it is 
recommended that 2 in. safety valves be used, arranged in tandem. Cale 

In installing this system the mains should be graded not less than 1 in. in 20 ft. 
when steam and condensation flow in the same direction, and not less than 3 in. in 20 ft. 
when steam and condensation flow in opposite directions. An addition of 20% to compu- 
tations of required steam radiation is suggested, to insure complete condensation of the 
vapor in the radiator and keep steam out of the return lines. Radiators should be of 
the water type, tapped for top supply and bottom return, the return tapping being 
eccentric and either at the same or opposite end of the radiator from the steam connec- 
tion. Return lines are vented to the atmosphere, and the vent line must be carried up 
at least 10 ft. above the level of the return line. 


(Concluded on Sheet No. 132-Y) 
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VAPOR HEATING 
e The Hutchison System 
(Concluded from Data Sheet No. 132-X) 


The Hutchison graduating valve is of the packless type which opens and closes a 
port by the movement of a tapering slot attached to the valve spindle across the port 
opening as illustrated in Fig. 2. An extension valve stem is supplied for use in con- 
nection with enclosed or concealed radiators. 

Pipe size for supply mains depends on the amount of radiation to be heated, the 
distance from the boiler to the furthest radiator, and the number of elbows contained 


i 


Fig. 3 Fig. 4 
f in such line. The following table is calculated on the basis of an assumed pressure 
drop of 2 oz. between the boiler and the last radiator. In making measurements an 
allowance of 10 ft. for each right-angle elbow is suggested. 


—— Length of Run of Main in Lineal Ft. 
Nominal Size 100 ft. or less 100-150 ft. 150-200 ft. 200-300 ft. 


of Pipe In. Diam. Radiation in Square Feet. 

1 160 145 122 100 
i 265 210 . 190 150 
2 520 450 380 310 
2% 860 700 600 490 
3 1500 1250 1070 900 
3% 2200 1800 1550 1250 
4 3360 2600 2200 1800 
4% 4500 3700 3200 2600 
5 6200 5000 4400 3600 
6 PSK 8400 7200 5800 


Roughing in Measurements for Radiator Valves 


a t 
1 inch 1% inches 3% inches 
1% “ee 3 “ss 
1% “ 3 id 
VAPOR HEATING—The Hutchison System (concluded). B 132-Y 
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VAPOR HEATING. 
The Ideal System. 


A typical piping diagram of the Ideal System is shown in Fig. 1. Its outstanding fea- 
ture is the use of the Ideal alternate return trap, shown in Fig. 2, which serves to drain 
the system of condensation, discharging the same directly into the boiler at any pressure 
up to 20 lbs. per square inch. ‘This trap is designed to prevent the burning and cracking 
of boilers due to faulty circulation. It also serves to overcome spitting of water from 
air eliminators, receivers, or venting valves. The Ideal alternate return trap can be 
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installed as low as 8 in. above the water line in case the boiler room ceiling is low, 
put a greater height is recommended if possible. 

When the system is operating under a few ounces of pressure, the alternate return 
trap acts simply as an open receiver and air vent. But, if for any reason the boiler 
pressure rises, the accumulating condensation in the trap lifts a float which automatically 
closes the air valve and opens the steam valve, admitting boiler pressure to the top of 
the trap and forcing the water in the trap down into the boiler. After this discharge (or 
rather along with it) the float drops, closing the steam valve and opening the air valve. 
A few repetitions of this process will serve to reduce the boiler pressure to a few ounces, 
allowing the condensation to return again by gravity. 


(Concluded on Data Sheet No. 132-AA) 


VAPOR HEATING—The Ideal System No. 132-Z 


Aree P| ¥ . Geen r A 
reais a anes na iY Gilet il 


Hinder he erika 


_ ‘ Ce Ot ia Rs 


uM 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


VAPOR HEATING. 


The Ideal System. 
(Concluded from Data’ Sheet No. 132-Z) 


Air leaving the alternate return trap, passes through the Ideal diaphragm check 
valve, shown in Fig. 4, which offers no resistance to its outward flow but prevents any 


return of air to the system. 
What the Ideal alternate return trap is to the system as a whole, the Ideal thermostatic 


radiator trap is to the individual radiator. This trap as shown in section in Fig. 3, is 
seen to be of the vertical type which is self-cleaning in operation. Attached to the return 


FIG. 2—IDEAL ALTER- FIG. 3—IDEAL THERMOSTAT- 
NATE RETURN TRAP. IC RADIATOR TRAP 


FIG. 4—IDEAL FIG. s—IDEAL RADI- 
DIAPHRAGM CHECK ATOR VALVE. 


end of the radiator this trap serves to drain it of condensation and to maintain within it 
under proper operating conditions, a satisfactory vacuum. 

The Ideal radiator valve shown in Fig. 5, is placed at the supply end of the individual 
radiator and by reason of its graduated dial offers a means for regulating the rate of 
heat supply. ‘This valve is packless and quick-acting and is so designed that its disc is 
readily renewable. 

Water type radiation is recommended for use in connection with oe Ideal System by 
its manufacturer, the Ideal Heating Equipment Company, Cleveland, 


VAPOR HEATING—The Ideal System (Concluded) | No, 132-AA 
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VAPOR HEATING 
The Imico System 


A minimum of special appliances marks the Imico System of vapor vacuym 
heating, typical piping diagram of which is shown in Fig. 1. There is no air valve 
at the radiators in this system and no trap on the return end of the individual radiator. 
Vacuum is maintained in this system by the Dewey tri-duty air and vacuum trap, 
pee is a combination of the Dewey quick vent air valve and the Dewey vacuum 
valve. 

The principle on which the Dewey tri-duty air and vacuum trap eliminates air 
is very simple. There is a connection from the supply pipe, or pressure side of the 
boiler, to the diaphragm and under normal conditions this diaphragm is closed. When the 
fire is started and the air in the boiler is expanded, the diaphragm is inflated and opens 
the vacuum valve, making a direct opening through the trap to the atmosphere. his 
valve remains open as long as there is a fraction of an ounce pressure on the boiler, 
unless the vapor having passed through the entire system is forced into the float chamber, 
which instantly closes against vapor. If water should be forced up the return pipe, the 
float rises in the chamber and closes it, keeping it cloed until water recedes, when it 
opens again and commences venting air. With this trap installed there is no chance 
for back-pressure in the radiators, since it will close against either steam or water apd 
will prevent the return of air to the system. 


FIG. 1 


Radiators for the Imico System of vapor vacuum heating may be the same size as 
for steam, but an increase of 10% over the radiation as computed for the ordinary steam 
job, is recommended by the manufacturers, the Illinois Malleable Iron Company, 
Chicago, Ill., to promote economy in coal consumption. Either steam or water radiation 
may be used, tapped at the top, and the supply valves at the radiators should be of the 
graduated type. 

The boiler should be provided with a regular safety valve and controlled by a well 
balanced damper regulator. 


(Concluded on Data Sheet No. 132-CC) 
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VAPOR HEATING. 
The Imico System. 


(Concluded from Data Sheet No. 132-BB) 


Supply Main Sizes 


200 feet to 
400 “ . 
700 
1100 
1500 
2100 
3000 


DEWEY VACUUM 
VALVE 


DEWEY TRI-DUTY AIR 
AND VACUUM TRAP. 


Return Pipe Sizes 


at boiler will return 200 feet 
+“ “ee “ “ 700 ‘ 

“ “e 5S 100 iid 

Lia ae 2100 itd 


Size of pipe supply: 
Radiation 90 square feet or less 
“ 90 feet to 150 feet 1 

“ 150 ‘“ 300 square feet ee a 


%-inch pipe and 
“ te ry; 


400 feet Radiation 
700 “ 


1100 
1500 
2000 
3000 
5000 


DEWEY QUICK VENT 
AIR VA 


LVE 


DEWEY DUPLEX TRI-DUTY 
AIR AND VACUUM TRAP 


to a feet Radiation 


111 


se “ 
oe “a 


Tapping Size for Radiation 
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VAPOR HEATING—The Imico System (Concluded) 
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VAPOR HEATING. 
The Richardson System, 


A characteristic feature of the Richardson System is the use of the Richardson 
water-seal ball-check union at the return end of each radiator. This device, shown in 
Hig. 2, takes the place of a vacuum valve at the radiator and serves also as a return 
elbow. 

A typical piping diagram of the Richardson system is shown in Fig. 1. This illus- 
trates a one-circuit arrangement such as the manufacturers suggest for medium sized 
installations. It should be noted that a separate ari return-line circuit is provided for 
the supply circuit and this holds true for such cases as require three or four supply 
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TYPICAL RADIATOR PIPING 
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circuits. The manufacturers claim that an air expeller and vacuum valve should be pro- 
vided for each return line circuit. 

The Richardson air expeller and vacuum valve, shown in Fig. 3, is located on the 
air return-line near the boiler and serves to vent the air from the system, closing when 
vapor or steam starts to pass through it and remaining closed as long as there is a vacuum 
in the system. Condensation in the return-line passes through a Richardson horizontal 
swinging check valve, shown in Fig. 4, into the boiler. This check valve prevents the 
return of water direct from the boiler into the return line. 

At the supply end of each radiator is placed a Richardson packless, graduated 
supply valve, as shown in Fig. 5, which is furnished in three sizes. 

One feature of the Richardson system which is specially emphasized by its manu- 
facturers, the Richardson & Boynton Company, New York is that it will operate 
satisfactorily as either a vapor, a vacuum, or a pressure system. For use with this 
system they recommend water type radiators, and the same amount of radiation as 
would be required for a gravity steam system. 


(Concluded on Data Shect No. 132-EE) 
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VAPOR HEATING. 
The Richardson System. 
(Concluded from Data Sheet No. 132-DD) 


The following tables give the pipe sizes recommended by the manufacturers for 
use with this system. These tables are based on the assumption that no unusual condi- 
tions prevail and that the radiation is sufficient to maintain a temperature of 70° F. 
Emphasis is laid on the need for maintaining proper grades. All lateral pipes and 
branches should have a grade of at least 1 in. in 2 ft. and both the supply and the 
return lines mains should have a grade of 1 in. in 20 ft. 
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RETURN CONNECTIONS AT BOILER 


FIG. 4. FIG. 5. 
Supply mains not exceeding 100 Wet Return Mains 
lineal feet in length. ; i 
Sq. Ft. Pipe Size, 
Sq. Ft. Pipe Size, Radiation In. Diam. 
Radiation In. Diam. 
400 1 
150 1% 1000 1% 
400 2 1800 1% 
600 2% 5000 2 
1000 3 
1400 3% 
2000 4 


Air Return Line Mains : ; [ 
Risers up to 30 lineal ft. high. 


Sq. Ft. Pipe Size, ; ‘ 
Radiation In, Diam. Sq. Ft. Sup. Riser Ret. Riser 
80 % Radiation In. Diam. In. Diam. 
200 1 20 % 
800 1% 60 1 % 
1500 1% 160 1% u% 
4000 2 180 1% % 


VAPOR HEATING—The Richardson System. 


1 arom 4 cant si dena it scott osha angie em yh ah eSATA Airy hen tah Pel A AE 


Ye ee Mat ae eat aires 


re war 


SS - -—-:. 


ale eee 


AN Be NE Rea iii 
“tat, we 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


VAPOR HEATING. 
The Donnelly Fractional Distribution System. 


The primary object in the Donnelly one-pipe and two-pipe fractional distribution 
systems (Donnelly Systems Co., New York) is to obtain fractional control of the steam 
supply and to effect distribution to the various radiators under varying weather condi- 
tions. In each system the fractional generation of steam is accomplished by means of 
a regulator (Fig. 3). In addition each radiator is provided with a packless inlet valve 


(Fig. 4). 
In the one-pipe system the air is exhausted by means of a weight-controlled vacuum 


air valve on each radiator (Fig. 5). Distribution to radiators is obtained by proper 
selection of pipe sizes and by variously wighting the vacuum air valves. The vacuum 
attachment to the air valve consists ie tight-fitting cap which contains a valve stem 
and seat, weighted by means of a number of removable washers. In applying these the 
maximum number of washers is placed on the air valve nearest the boiler. For other 
radiators, the rough rule is to remove one washer for each 10 ft. away from the 
radiator nearest the boiler. This adjusts the weight over the area in each cap so that 
all air valves will discharge at the same time when the pressure drop in the piping 
is 1 oz. per 100 ft. of pipe. 
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VAPOR HEATING 


The Donnelly Fractional Distribution System. 
(Continued from data Sheet No. 132-FF.) 


In the two-pipe system, in addition to the packless inlet valve, each radiator is 
provided with an impulse check valve (Fig. 6) at the outlet, together with thermo-float 
air valves (Fig. 7) located on the dry return mains before they drop to the wet return. 

In neither the one-pipe or two-pipe system is it necessary to pass all the returns 
through the regulator. A typical set of returns is selected most convenient to the par- 
ticular layout. 

In the one-pipe system the other returns may come back wet, or, where condi- 
tions require, overhead and then drop to the wet return. 

In the two-pipe system the other returns come back overhead, in groups, vented by 
means of a thermo-float air valve and then drop to a wet return through which the 
condensation returns to the boiler, 

The fractional distribution inlet valve (Fig. 4) consists of a packless valve with 
an adjustable key-hole-shaped orifice in both the body and the union. By rotation 
of the union piece any desired opening may be obtained. The pressure drop through 
this valve is 2 oz. at maximum rating. Jligher pressure drops are obtainable by de- 
creasing the area of the orifice. 
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(Continued on Data Sheet No. 132-HH.) 
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VAPOR HEATING 


The Donnelly Fractional Distribution System 
(Continued from Data Sheet No. 133-GG) 


OPERATION OF ONE-PIPE SYSTEM. 


After adjustment of the regulator and with the building cold, set the weight on the 
regulator for a higher rate of burning than normal until the building is brought up to 
temperature. After this, set the weight on the regulator to maintain this temperature. 
When steam-type radiators are used, the air valves will be cold except in extreme weather 
since only part of the radiators are heated. 


OPERATION OF TWO-PIPE SYSTEM. 


The general principle of distribution with the two-pipe system is to have the total 
pressure drop through pipe, fittings and orifice the same for each radiator. Thus, 
radiators nearer the boiler have a lower pressure drop through pipe and fittings, but 
a higher drop through the orifice. 

Two methods may be followed in determining the correct orifices. Where the 
installation requires precise results, the exact method is recommended.* For ordinary- 
sized installations simple rules, as given by the manufacturer, may be followed. When 


FULL SIZE 
G Dirt PocKk ET 
TYPICAL 
RETURNS 


\ SuRFACE 
* Brow 


DRIPS AND 
ADDITIONAL 


Fig. 3—Typical Installation of Donnelly Fractional Damper 
Regulator 


a or pea correctly for any one load, the distribution system remains correct for 
all loads. 

The Donnelly fractional damper regulator (Fig. 3) is designed on the principle of 
proportioning the rate of burning to a desired rate of returning condensation. The water 
of condensation flows through the piping A and drops into the cup B in the body of 
the regulator. The cup B is provided with an orifice C, near the bottom, from which 
the water flows into the body of the regulator D, It then returns to the boiler through 
the oe E. The cup is supported on an arm which is pivoted at the point F, the 
spindle of which passes through the stuffing box to the outside of the regulator where 
it is provided with a lever G, attached to the dampers by chains. The lever is graduated 
to read outside temperatures so that a weight, K, when set on a notch corresponding to 
the outside temperature, will cause a predetermined inside temperature to be maintained, 
as the rate of condensation is insured. 


* Adler and Donnelly on “Fractional Distribution in Two-Pipe Gravity Heating 
Systems.”—Trans. A. S. H. & V. E. 


(Continued on Data Sheet No. 133-II) 
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VAPOR HEATING 


The Donnelly Fractional Distribution System 
(Continued from Data Sheet No. 132-HH) 


NORMAL OPERATION OF REGULATOR. 


Assume that the building is brought up to the desired temperature. The weight K 
is first set on the notch numbered the same as the outside temperature. At the rate of 
burning then existing, the condensation is returning to the cup at a certain rate. This 
will build up a head of water in the cup until the rate of outflow just equals the rate 
of inflow. In this position the lever is in balance by the proper location of the lever K. 
This is the method of locating the position of the notch corresponding to the outside 
temperature. a f 

Suppose the fire burns down so that less steam is supplied. The condensation will 
return more slowly and the weight K will overbalance the cup. The lever is then in a 
position of lifting the chain to the damper I, opening it wider, admitting more air and 


Fig. 5—Weight Con- 
trolled Vacuum Air 


Variable Orifice 


Fig. 4—Packless Inlet Fig. 6—Impulse Check Fig. 7—Thermo Float 
Valve Valve Valve 


ultimately increasing the rate of combustion. The new rate of combustion will soon 
increase the flow of condensation and the cup will overbalance the weight K and close 
off the damper I and keep it in balance when the head of water is such as to cor- 
respond to the rate of burning desired. Should the conditions be reversed, the regulator 
operates in reverse order. 

The area of the orifice is determined from the radiation connected through the 
regulator. It is of such size that under maximum load the head of water above the 
orifice will be less than the height of the cup. This will prevent the overflowing of the 
cup. When the orifice is determined for these conditions, its area remains constant for 
partial loads, the variations in the flow being obtained by variations in the head of 
water in the cup. 

The regulator is made in two sizes. The smaller is used on systems not exceeding 
500 sq. ft. and the larger on systems over 500 sq. ft. For the smaller size it is desir- 
able to have condensation from 200 to 300 sq. ft. and for the larger from 300 to 500 
sq. ft. pass through the regulator. 


(Concluded on Data Sheet No. 132-JJ) 


VAPOR HEATING—THE DONNELLY SYSTEM (CON’T). | NO. 132-II 


adda yc ranean pn Ome Ace lp i eet intima ie ralph AeA Are 


a 
SSeS 


Ste y 


SESS ES 


i . t rhe f 
fA WM hgaval te URES UR EU NRA gIN My Bar ia Ny ‘heats % 


fh adh Si EA el BE A aa Mt Prep Ub ORD Tao 


BPRER 


SE 


om 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


VAPOR HEATING 


The Donnelly Fractional Distribution System 
(Concluded from Data Sheet No. 132-ITI) 


CAPACITIES OF PIPES, ONE-PIPE SYSTEM. 
(Square Feet of Radiation). 


: Dry Drip 
Nominal Steam Main 2 Rad- Main and 
Diameter and Down- Up-Feed iator i Regulator 

of Pipe, In. Feed Risers Risers Connections i Returns 


PIPE SIZES FOR DRIPS FROM STEAM RISERS. 
(One-Pipe Systems). 


Inches Diameter. 


Steam Riser 1 1% 14% |2 2% | 3 
Drip to Wet Return % Py) % {1 1 1 
Drip to Dry Return ry) % 1 14% | 1% 


A, 1 


CAPACITIES OF PIPES, TWO-PIPE AIR RETURN SYSTEMS. 


(Square Feet of Radiation.) 


DRY RETURNS. 
Nominal 


Diameter i Wet Main Return Size of 
of Pipe, Return and Regula- Return Radiator Drips, 


tor Returns Riser Connections} J, Diam 
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VAPOR HEATING 
The Illinois System 
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TYPICAL RADIATOR PIPING 
“ILLINOIS SYSTEM— 


FIG. 1. 


The Illinois Vapor system has been developed by the Illinois Engineering Company, 
Chicago, Ill., one of the pioneers in this field. It can be or is operated below atmos- 
pheric pressure for hours at a time, but is also to be classed as a modulating system, 
the radiators being equipped with quick-opening supply valves (Fig. 2) which gives a 
range from full steam to no steam on a half turn of the handle. 

The Illinois system includes specialties or appliances which are designed to take care 
of any condition of pressure or vacuum which are possible in a low-pressure heating 
system. These include a return trap (Fig. 3) which operates automatically to put the 
water of condensation back into the boiler, regardless of the boiler pressure, up to 
a limit of 10 lbs. pressure, the limit of low-pressure heating boilers. 

All of the radiators are equipped with the Illinois Thermo trap (Fig. 4) which dis- 
charges the air and condensation into the return mains which run to the return trap. 
Quick heating up of the system is made possible by the Thermo trap which provides a 
5/16-in. air outlet on each radiator. 

The air vent from the return trap, which also acts as an air-liberating tank, is pro- 
vided with an air vent seal valve which is described as the result of twelve years’ 
experience with this type of heating system. It permits the air to be vented from 
the system on 2 or 3 oz. of pressure. Care must be taken in its use to see that it 
prevents the air from pulling back into the system when the pressure in the system falls 
below atmospheric pressure—that is, when the system is operated as a vapor system. 

The ends of the steam mains are dripped into a separate wet return which is carried 
back to the boiler without passing through the return trap. In the arrangement of over- 
head supply systems, an Illinois vent seal valve is usually placed at the high point on the 


supply mains. 
(Continued on Data Sheet No. 132-LL) 
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VAPOR HEATING 
The Illinois System 


(Concluded from Data Sheet No. 132-KK) 


Sizes, Capacities of Illinois 
Modulating Valves 


SIZE Capacity CInlet CTail- Wt. Lbs 
In. Sq. Ft. to Face piece to 
Dia. Threct In. FaceIn, 


Radiation 
200 16/16 
14 


. 2—ILLINOIS THERMO MODU- 
LATING VALVE 


FIG. 3.—ILLINOIS RETURN TRAP. FIG. 4—ILLINOIS THERMO RA- 
DIATOR TRAP 


Sizes, Capacities, Dimensions of Illinois Thermo Radiator Trap 


SIZE Capacity Sq. Pipe Con- tend Center Outlet Center Spud to 
In. Diam. Ft. Direct nections Lbs. to end of Face of Outlet 


Radiation In. Diam. Spud, In. In. 
_ BK Denier) 75 
A, 


1 
14 (Standard) 


PIPE SIZES—RADIATOR TAPPINGS 


tal Return Branches 
ins to Risers 


Radiation Radiation 
400 sq. ft. | 
hy 37 


Tappings for paciators 

“xl” up to 100 sq. ft, 
Ss pesca up to 130 sq. ft. 
144"x34" over 200 sq. ft. 
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VAPOR HEATING 
The O-E Perfect System. 


In the design of the O-E Perfect vapor system, every effort has been made to 
reduce the number of parts to the fewest possible. As will be seen from Fig. 1, the 
special devices used are limited to packless graduated radiator valves, water-seal ball- 
iheck union elbows on the radiator returns and a combined air exhauster and vacuum 
valve located on the return main near the boiler. 

Vapor generated in the boiler passes up through the main supply pipe to the 
several radiators through small individual supply pipes from the main. ‘The vapor is 
admitted to each radiator at the top through an O-E packless graduated valve. As 
the vapor condenses in the radiator, the water of condensation falls to the bottom of 
same and is returned to the boiler through a %-in. O-E elbow connected into a %-in. 
pipe, thence into the main return pipe in the basement. 

In passing through the elbow the water is first trapped by a wall or diaphragm, 
cast in the elbow outside of the radiator (Fig. 3) making a water seal which is designed 
to hold the vapor in the radiator and to prevent it from short-circuiting into the 
return main. 

o avoid water being drawn back into the radiators when the supply valve at the 
top of the radiators is closed, provision is made in the O-E elbow to avoid this trouble 
by equipping it with a small bronze ball operating on a smooth guide or track and 
arranged so that when a vacuum is formed in the radiator the ball will immediately 
roll against-the port and preyent water from being drawn into the radiator from the 
return pipe. Noiseless operation is secured by having the water seal below the ball. 
The opening of the supply valve at the top of the radiator causes the ball in the elbow 
f to roll off its seat, permitting condensation and air to pass into the return main, An 

air vent is tapped in the adjustable screw top of the return elbow to allow the air to 

escape freely into the return system when the supply valve is open and also to equalize 
the pressure on both sides of the water seal, thus preventing it from siphoning out. 


(Continued on Data Sheet No. 132-NN.) 
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The O-E Perfect System. 


(Concluded from Data Sheet No. 132-MM). 


All air and condensation pass through the main return pipe in the basement to 
a point above the boiler where the air is separated from the water. Air passes up and 
through the O-E exhauster (Fig. 4) into the chimney flue or any place desired, while 
the water returns to the bottom of the boiler. 

e O-E air exhauster and vacuum valve is connected at a high point above that 
where the return main drops down to the return opening in the boiler. The exhauster 
remains open while there is any air in the system. As soon as vapor comes into contact 
with the carbon post in the exhauster, the post expands and forces a hollow bronze ball 
against the seat, closing the port. When closed the system will cool slightly, causing 
a vacuum to form and this will hold the ball on the seat of the exhauster as long as 
there is a vacuum in the system. As soon as the vacuum is broken, on account of air 


~ 


SSSI A 
cS 


Fig. 2—O-E Packless Valve. 


Fig. 4+—O-E Air Exhauster 


getting into the system, the ball will roll away from the seat in the exhauster, again 
permitting the air to escape. F 

Means to make the exhauster fool-proof are taken by having a brass shell or 
reinforcement around the carbon post, with a brass cap over the end of the post, to 
prevent the post from getting out of shape if, for instance, it should be screwed down 
against the seat when cool. The cap locks the expansion post after it is properly 
adjusted. All exhausters are set for ordinary use, but can be adjusted to suit any 
pencuier system to which they are attached. They are threaded 1 in. both inlet and 
outlet. 

The O-E packless valve (Fig. 2) used with this system is of the quick-opening 
type, requiring one-half turn to completely open it. Its handle is made of hard rubber 
and has a graduated dial and pointer. The dial is cast on an angle so as to be easily 
read from some distance. y ; ; ( 

The ball-check water-seat union elbow is made in one size only, %-in., and the 
air exhauster and vacuum valve is also made in but one size, l-in, The O-E packless 
graduated valve comes in four sizes, %-in., %4-in., l-in. and 1%-in. The system is 
manufactured by the O-E Specialty Mfg. Co., Milwaukee, Wis. 
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VAPOR HEATING 


The Simplex System 


The distinguishing feature of the Simplex modulating system is the use of the 
Wiley “‘safety-vent”” vapor regulator (Fig. 1), which 1s applied to the boiler for 
properly regulating the draft and boiler pressure, also for controlling the vent outlet 
from the air return line mains. The regulation and control is intended to provide a 
safeguard against damage to the boiler by the discharge of water through the vent 
opening, in case of an accidental rise in pressure beyond the ordinary safe limits. 

ith this equipment boilers are fitted with regular low-pressure safety valves, as 
for ordinary steam heating work. In case the steam pressure should rise, the heat 
is stored up in the form of pressure. This arrangement also acts to prevent the loss 
of water in the escape of vapor. ‘The other specialties that make up the Wiley system are 
the Wiley calibrating radiator valve (Fig. 2) and the water-seal trap (Fig. 3). 

To make clear the operation of the “safety-vent” vapor regulator it may be 
stated that it consists of a semi-circular cast-iron float chamber, with threaded outlets 


55} 


2 


2 
5 
N21 Reg. 
22 


| Reg. 2 
202 


Q 
2 


Minimum in 


= Minimum { 


TYPE “B” TYEE A> 


Special connection for air return mams Standard connection up to 214” air re- 
over 214” or those limited to less than turn main with 30” or more elevation 
25” above water line. above water line. 


Typical Installations of Wiley ‘‘Safty-Vent’’ Regulator 


at top and bottom for connecting into the vertical return pipe at one side of the 
boiler. The casing is also threaded to receive a brass float stem bonnet and stuffing 
box, as well as the brass vent valve casing at the top. 

Inside the float chamber is a copper float attached to a float arm carried by a 
spindle extending through the bonnet and stuffing box. The float spindle carries a 
combination pointer and damper-operating lever, and has a series of holes for attaching 
the damper-operating cables, so spaced that any desired movement of the dampers may 
be obtained. 

The regulator is equipped with an independent float-actuated ‘“‘safety-vent” valve, 


PP 
(Continued on Data Sheet No. 132-00). 
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VAPOR HEATING 


The Simplex System 
(Continued from Data Sheet No. 132-NN) 


through which the air is discharged from the heating system. This valve, with its 
spherical float chamber, is mounted directly on top of the regulator casing. In case of 
accidental rise in pressure, the copper float operates to close the valve outlet. 

he regulator is placed above the water-line in the boiler and the damper- 
operating arm connected to both the check and draft dampers. 


Calibrating Radiator Valve. 


In operation, the air and condensation from the heating system pass through 
the float chamber on their way to the boiler, the air passing out through the vent valve to 
the top of the casing, while the water descends to the boiler by gravity. The generation 
of steam in the boiler produces a downward pressure on the surface of the water, 
forcing it up into the float chamber. This action carries the float upward and also 


MODEL 8B 


For work where horizontal 
Pipe connections do not have For use where pipe connec- 
to be made above floors. tions are run above floors. 


TYPES OF WATER-SEAL TRAPS USED WITH SIMPLEX SYSTEM 


raises the damper-operating lever and pointer, incidentally indicating the pressure in 
ounces on the graduated scale on the side of the float chamber, while operating the 
dampers by means of the chains. 

The manipulation of the dampers acts to retard the rate of combustion and to 


control the generation of steam, so as to hold it within the desired operating range of 
a few ounces. 


(Continued on Data Sheet No. 132-PP) 
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VAPOR HEATING 


The Simplex System 
(Conctuded trom Data Sheet No. 132-00) 


In case of an accidental rise in pressure and the elevation of the water beyond the 
tange of the float chamber the ‘‘safety-vent’”’ valve will be closed when the float reaches 
its extreme upward movement, and thus prevent the discharge of water through the 
vent opening. 

The return line is provided with a swing check valve located just above the regu- 
lator to prevent the water from bein~ forced into the return line during such a rise in 
pressure. The check valve is provided with a by-pass connected into the ‘‘safety- 
vent”’ valve in such a way as to allow a free passage for the outgoing air during 
the normal operation of the apparatus, without overcoming the resistance of the check 
valve in the return line. 

The calibrating radiator valve (Fig. 2) gets its name from the fact that it has 
a calibrating feature or capacity adjustment, so designed that its capacity can be 
permanently adjusted to meet the demands of any size radiator. This is effected by 
changing the position of a calibrating plug located inside of the valye member so 
as to project more or less into the main port opening. The adjustment is made before 
placing the valves on the radiators by inserting a screw-driver through the bottom of 
the valve body into the slots in the lower end of the calibrating plug and turning the 
plug to the right the number of turns given in the following table. 


CALIBRATING VALVE 


Roughing-in Dimensions of 
Wiley Calibrating Valve and 
MODEL “B” TRAP Water-Seal Traps. 


Square Feet Number of Complete 
Radiation Turns to Be Given Plug. 
10to 15 
15 to 
20 to 
30 to 
45 to 
60 to 


100 to 125 
124 to 150 


The above rule is approximate for pressure up to 6 oz., as ordinarily used in 
connection with atmospheric or vapor systems. 


The temporary regulation or graduation of the heat supply is obtained by moving 
the pointer between the open or “on” and the closed or “off”? position on the 
graduated dial plate. This regulation, it should be noted, is entirely independent of 
the permanent adjustment or calibrating feature of the valve, and is effective at 
any permanent adjustment. 

The Simplex system is manufactured by the Simplex Heating Specialty Co., Inc., 
Lynchburg, Va. 


VAPOR HEATING—The Simplex System (Concluded) No. 


sen mF mA Ne NN I AIR ih sm ety ea A 


ee ee ee 


eames 


v1 vise TAs 


ns sear) aly ise bo seen 
Ppitieke sia) ae Te He Co Ue PRC od!) oS OUD hy a 
oa : ‘ ries york! © & Jnomyyou: ise ena 


Bid 4 by 


= 
t 


4 
a i 
aa ry \ liad 
be “ : 
i ’ 
E : : 
Lo » 
Ss bage (iP . Yo Ry nerve ak 
: aye Wipes to OAT 


ti quisstenm 
yattartins te. 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


VAPOR HEATING. 
The Dual System. 


The dual system derives its name from the fact that a typical installation, as shown 
in Fig. 1, may be operated as_a vapor system or with pressure. The term vapor, as 
used by the manufacturers of this system, refers to atmospheric pressure, or within 
an ounce or two of atmosphere, while the term pressure refers to above 1 lb. gauge. 
An additional factor relative to the name of the system, is the use of a Dual valve 
on each unit of radiation, and at drip points. 

The manufacturers do not advocate dripping the supply main to the return through 
traps or otherwise if possible to avoid such an arrangement. All Dual systems are 
designed to permit the supply main to be carried back to the boiler, and venting is 
provided for at that point. 

When operated as a vapor or atmospheric system, the Dual boiler return trap 
(Fig. 4) does not function except to co-operate with the Dual air eliminator (Fig. 5) 
to permit the exit of air from the system. Under this condition, the condensation 
returns to the boiler by gravity. If the pressure is created on the system the Dual boiler 
return trap is forced to function automatically by the returning condensation. 

One of the primary factors assisting in the operation of the Dual system is the use 
of the Dual air eliminator on the end of the return main, ahead or in front of the 
Dual boiler return trap. This climinator is designed to permit the unrestricted 
elimination of air, when operating near atmospheric pressures, and, when operating 
under pressure, to relieve to a large extent the duty of the boiler return trap in 
eliminating air from the system. The outlets of vents on drip mains are connected 
to the air eliminator so as to prevent air from being drawn back into the system. 


GV---GATE VALVE 
AN---AlR VALVE 
Cv. CHECK VALVE 
OV. OVAL VALVE 
SY. SUPPLY VALVE 
S.M. STEAM MAIN 
R.M, RETURN MAIN 
£.Q. EQUILIZER PIPE 


RT RETURN TRAP 
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Fig. 1. The Dual System. 
(Continued on Data Sheet No. 132-SS) 


TYPICAL RAD, CONNECTION 


VAPOR HEATING—The Dual System | No. 132-RR 
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VAPOR HEATING. 


The Dual System. 
(Continued from Data Sheet No. 132-RR) 


In addition, a metal diaphragm damper regulator is provided to give positive and 
sensitive control of the boiler pressure. 

The general system of piping employed with a Dual system does not differ radically 
from other vapor systems, with the exceptions noted. The Dual valve, it will be 
noticed, is installed on the return end or the outlet, and the Dual graduated supply 
valve on the inlet of each radiator of the system. 

As will be seen from Fig. 2, the operation of the Dual valve is almost self- 
explanatory. When installed the float is down in which position it holds in_ place 
the valve at the outlet opening. A hollow valve stem is used for the elimination of 
air, care also being taken to provide an area as large as the inlet of the ordinary 
thermostatic trap. 

It is not necessary for condensation to collect in the trap body and raise the outlet 
valve to permit the air to make its exit. When all air has passed through the hollow 
valve stem, the steam or vapor naturally follows. When this steam or vapor comes 
i» contact with the bi-metallic strip at the top of the valve stem, it acts to prevent 
the passage of the steam or vapor to the return line. The Dual valve now operates 
purely as a float valve and is governed only by condensation and not temperature. 


Fig. 2—The Dual Valve. 


CAPACITIES AND SIZES OF DUAL VALVE 


Capacity Center Outlet Center Spud to ; Pipe. 
Size, Sq.. ft. Direct to End of Spud, _‘- Face of Outlet, Connection 
In. Diam. Radiation. In. In. In. Diam. 
1% 200 3% 2% Me 
% 500 3% 2% 34 
1 1400 4 3% 1 


As the steam or vapor condenses in the radiator or other vessel, it flows into the 
Dual valve, causing the float to rise and permitting the condensation to flow to the 
return pipe. As condensation continues to form, the Dual valve operates as a 
continuous float trap with water seal. In this way the air and condensation are 
eliminated simultaneously. When steam or water is shut off from the radiator or 
other vessel, the Dual Valve acts to permit all water to make its exit and again the 
float drops to the bottom of the valve, closing the seat at the outlet. The importance 
of this feature will be apparent where there is likelihood of freeze-ups. The point is 
also made that the bi-metallic strip and hollow valve stem constitute a trap by themselves, 
in the event that the float mechanism should cease to function. It is to be noted that 
the Dual valve is made without the use of solder, diaphragm or volatile liquid. 
The Dual boiler return trap is designed to perform all the functions of any reliable 
direct boiler return trap in relieving all air from the heating system and in returning 
the water of condensation to the boiler, regardless of pressures up to 20 lbs. The vacuum 
which it creates in this process is depended upon to aid the rapid circulation of 
steam or vapor throughout the system. The water of condensation flows by gravity 
into the tran, lifting a float which serves to automatically close the air relief valve 
and to open the steam valye, admitting boiler pressure to the top of the trap. The pressure 
in the boiler and in the trap being thus equalized, the water in the trap passes into the 


(Concluded on Data Sheet No. 132-TT) 
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VAPOR HEATING—The Dual System No. 132-SS 
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VAPOR HEATING. 


The Dual System. 
(Concluded from Data Sheet No. 132-SS) 


boiler and the receding float then closes the steam port. At this point the steam 
contained in the trap condenses and creates a vacuum which hastens the return of 
more air and water. After all the air has been expelled, the Dual boiler return trap 
is depended upon to maintain a vacuum on the return lines. p 

The Dual system is manufactured by the Heating & Power Appliance Company, 
of Milwaukee, Wis., and is described as the result of many years of effort on the 
part of the company’s engineering department. 


Hig. 3. Dual Graduated Supply Valve. 
CAPACITIES AND SIZES OF THE DUAL GRADUATED SUPPLY VALVE 


Capacity Center Outlet Center Spud to Connection 
Size, Sq. ft. Direct to End of Spud, Face of Outlet, Pipe 
In. Diam. Radiation. In. In. In. Diam. 


Ys 30 1 3-16 
34 100 ; 1 3-16 
1 200 1% 


Fig. 4 (at left) 
Dual Boiler Return 
Trap. 


Fig. 5 (at right) 
Dual Air Elimi- 
nator. 


Hig. 6 (above) Dual 
Damper Regulator. 
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WATER HEATING—GRAVITY. 
General. 


The catalog ratings of water heating boilers are based on the number 
of square feet of direct water radiation, under still air conditions, that 
the boiler is capable of supplying under the following conditions of 
operation: 

Fuel—Anthracite nut size. 

Temperature of water in the boiler 180° F. No loss of heat by 
radiation from mains. 

The fuel-holding capacity of the fire-pot is assumed to hold a charge 
sufficient to operate the boiler at rated capacity for eight hours, with 20% 
left to ignite the fresh charge. 

Each square foot of radiation is assumed to emit 150 B. T. U. per hour. 

Boiler Rating Required:—To allow for the additional tax on the 
hoiler due to loss of heat by radiation from the piping, for handicap of 
inferior coal and extra load on the boiler when heating up a cold building 
approximately 50% to 60% should be added to the amount of total direct 
radiation installed to ascertain the boiler rating required. 

General:—The actuating head, causing the circulation, in a gravity 
water heating system is due to the difference in weight in the water in 
the flow and return risers. The water supplied to the radiator is cooled 
by the heat emission of the radiator and will ordinarily leave 10° to 20° 
cooler, with an increase in density, over that of the supply riser, thus 
creating a slight circulating or actuating head and corresponding flow 
through the system. 

A water heating system must be supplied with an expansion tank to 
provide foi the expansion and contraction of the water due to the change 
of temperature. 

The increase in the volume of water from 40° to 212° F. is approxi- 
mately 4.2% so that for every 23 gal. of water in the system an allowance 
of at least 1 gal. must be made in the expansion tank—practically a 2-gal. 
allowance should be made. 

Cast-iron radiators have an internal volume of approximately 1% 
pints per square foot of rating, and steel radiators and steel pipe hold 
about 1 pint per square foot rating. 

The internal volume of the radiation is generally assumed to be about 
50% of the total volume in the system. 

Classification of Systems:—Gravity systems are classed as either up- 
feed systems, with basement mains, or down-feed systems, with overhead 
mains run in the attic or on the ceiling of the top floor. 

The up-feed system may have either a one-pipe basement main or a 
two-pipe main. 

The down-feed system may have either single or double risers. 

The down-feed system is somewhat more positive in action, permits 
the use of smaller risers and provides for the automatic removal of the 
air from the system. j 

Under-feed systems are liable to prove defective for single-story struc- 
tures as the motive head is very small. 

The up-feed system, with one-pipe main in basement, is popular and 
iu quite general use. 

Either system may be operated with an open expansion tank or with a 
pressure generator. 
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WATER HEATING, GRAVITY—GENERAL. No. 
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WATER HEATING—GRAVITY. 


Two-Pipe Up-Feed System. 
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- Two Pipe Up Feed System with Reversed Return 


BIG. f. 


The basement plan for a two-pipe up-feed system in shown in Fig. 1. The flow 
and return pipes and run close to basement ceiling, the flow main grading up from 
the boiler and the return down toward boiler. The mains are graded 34-in. in 10 ft. 
This system should be installed with a reversed return, as shown, in order that the 
water travel and resistance to flow for each group of radiators is practically the same. 
Each group of radiators will then warm up at practically the same rate. 

The sizes of mains may be taken from ‘Table 1 and branches from Table 2. 
The main sizes are reduced or increased as rapidly as the change in radiation will 
permit. In using the tables all mains should be measured back to the boiler, and 
the risers to any floor are proportioned to supply all the radiation above that floor, as 
well as the radiator installed on the floor. 

A starting pipe installed between the flow main and return near boiler is in- 
tended to assist in establishing an initial ‘circulation between the two mains. ‘This 
pipe varies in size from 1%-in. diam. in small plants to 2'%-in, in large installations. 

The branch connections for the second and third floors may be taken off the 
side of riser branches serving the first floor in order to augment the circulation in the 
first floor radiators. The branch is usually run full size over to the riser to first- 
floor radiator in order to favor the lowest radiator. 

Connections to radiators for the supply should be made at the top, using a union 
elbow. ‘The return connection is made at the bottom and should be equipped with 
a quick-opening water radiator valve, with union connection. Only one valve is re- 
quired to control the radiator with this arrangement. 

Each radiator is equipped with an air valve usually of the key type. 

O. S. fittings should be used for the branch connections from second floor radiators 
to risers. 

Sizes of expansion tanks are given in Table 3. 

When the main is reduced in size at any point an eccentric fitting should be used 
to keep the top of the large and small mains in the same place and to avoid air pockets. 

Free and complete drainage of the system must be provided for, so that when 
draw-off cock is opened at the boiler the entire system can be emptied of water. 


(Continued on Data Sheet No. 133-B.) 
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WATER HEATING—GRAVITY. 
Two-Pipe Up-Feed System. 
(Continued from Data Sheet No. 133-A.) 


TABLES 1 anp 2—WaTER Heatinc—Pirge Sizes—Open TANK. 
(Up-Feed, With Basement Mains.) 
BRANCHES AND RISERS 


MAINS UP TO 100 FT. Pipe Size Floor 
In. Diam. First Second Third 
Pipe Direct Indirect 
Size Radiation Radiation Direct Radiation Sq. 
In. Diam. Sq. Ft. Sa. Ft. “e 


135 
220 
350 
460 
675 
850 
1100 
1350 
1700 
3600 
4800 Notes: First-floor supply riser connec- 
6200 tions to be taken from top of main and 
7700 risers above first floor at 45°. All re- 
9800 turns into side of main or bottom. (See 
14000 detail, Fig. 1.) 
Notes: Length of main must be meas- 
ured back to boiler. For mains over 100 


ft. reduce capacity in the ratio of 


Ve 


TABLE 5.—WATER HEATING—ExPANSION TANKS, 


EXPANSION TANKS 
Size in Inches Capacity Gal. Radiation, Sq. Ft. 


10 x 20 

12 x 20 

12 x 30 

14 x 30 

16 x 30 

16 x 36 

16 x 48 

18 x 60 

20 x 60 

22 x 60 100 6000 

Note: Galvanized steei, tested at 100 lbs., tapped 1% in. top and bottom, and for 

gauge glass. 


A 
° 
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These tables by J. J. Hogan to be used for either one or two-pipe work. 


WATER HEATING—GRAVITY—Two-Pipe Up-Feed System. 
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WATER HEATING—GRAVITY 


One-Pipe Up-Feed System. 


This system is in wide use and is generally employed by the U. S. Treasury and 
War _ Departments whenever an up-feed system is used. 

In this system (Fig. 1) the supply or flow main is started close to the basement 
ceiling above boiler and grades down with the direction of flow, with a uniform 
grade of 34 in. in 10 feet. The main is run full size to supply the total radiation 
and drops after serving the last radiator. 


Went 
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< Overflow 
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<— Overflow 


. cf . 
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Mains Fi “mn 10 FF. | Last Radiator, ~ - 
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7 Expansion Tanks 


€.- Floor Drair One Pipe Under Feed Open Tank System — 


BIGSe is 


The branches are taken from the top of main or at an angle of 45° in the case 
of branches near the boiler, or for branches supplying only upper-floor radiators. 

The return branches are connected unto the side or bottom of main. Pipe sizes are 
to be taken from Tables 2 and 3. (Data Sheet No. 133-B). 

The branch connections for flow and return branches to any group of radiators 
should not be made closer than 2 ft. measured along the main. Sizes of expansion 
tanks are given in Tables 3, (Data Sheet No. 133-B). 


WATER HEATING, GRAVITY—One-Pipe Up-Feed System. 
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WATER HEATING—GRAVITY. 


Down-Feed Systems. 


In the down-feed system (Fig. 1) the flow main, after leaving boiler, is run 
as a main riser to the attic or top-floor ceiling and run around same as a main. 
The overhead branches to drop risers are taken es the side or bottom of the main. 

The main riser must be firmly supported at the base and is provided with bushed 
T of twice the size of the main riser at top to act as an enlarged chamber for the 
rapid separation of air for removal through the vent line to the expansion tank. 


To Expansion Tank 


Overhead Main; 


Radiator tapping same 

as Pipe size 

/ncrease riser by one size ‘. ° Single Riser Double Riser 
atend of overhead main “Pipe Colum 
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a hd 
Overhead Main © 
Fun int Attic 


2850" Rating 190° Rad h 


Tote! Rad n.=1900 Sq, Ft fen Eee ers 


, 
Return Run eee 

: on Bas erent Ceiling | 

Sse ee Ne Lay | * 
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_ The flow main in bas@ment uniformly grades up from the boiler to the foot of main 

tiser and uniformly grades down from the riser in the attic. Grade 3% in. in 10 ft. 
If. single risers are used, sizes may be taken from Table 1. Proportion each 

section of the riser for the amount of radiating surface it must serve both as a supply 


and a return line. 
If double risers are used they are made somewhat smaller than the single risers 


and are proportioned as flow and return risers respectively. See Table 1, Data Sheet 


No. 133-E. 
In the overhead system the pipe sizes for the same amount of radiation on any 


floor is the same. 


(Concluded on Data Sheet No. 133-E.) 
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WATER HEATING, GRAVITY—Down-Feed System. | No. 133-D 
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WATER HEATING, GRAVITY. 
Down-Feed System 
(Concluded from Data Sheet No. 133-D.) 


The overhead flow main decreases in size as the branches are taken off and the 
return in basement increases correspondingly. See Table 1. 

The return is run reversed as shown so that the flow is in the same direction 
as that of the overhead main and gives equal length of water travel for all radiators. 

No air valves on the radiators will be required if the system is properly in- 
stalled as the air is all removed through the vent line. 

Only one valve is required for each radiator if the flow connection is made at the 
top of radiator and the return at the bottom at the opposite end. 


TABLE 1. 


Pipe Size Radiation Sq. Ft. DROP RISERS. 
In. Diam. Main Riser Main 


Radiation, Sq. Ft. 
14% 150 Pipe Size Single Double 
1% 250 In. Diam. Riser Riser 
2 350 
2u% 540 % 50 
3 


900 1 120 

3% 1300 1% 200 

4 1800 1% 350 

2400 2 600 

3200 2% 1200 

5000 3 2000 
7200 
10000 
13000 
16000 
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WATER HEATING—GRAVITY. 
Closed Tank System. 


The relation between Rygcostetie head, gauge pressure and boiling point degrees 
F. for water is given in Table 1 

Theoretically it is possible to carry the water in the boiler, with an open-tank 
system, at a temperature corresponding to the heat as determined by the height of the 
expansion tank above the boiler. Practically it is not possible to carry a temperature 
in excess of 212° as the high temperature water will immediately rise into the expan- 
sion tank and boil. 

In order to be able to increase the water temperature above 212° various devices 
have been employed. A common form of such apparatus is shown in Fig. 

In operation water entering the generator from the system will force the mercury 
up in the inner tube “A” until a head of 20 in. mercury corresponding to 10 lbs. 
pressure (240° F.) is established at which time the entrance to this tube will be un- 
covered by the mercury and water may enter same and pass up to the expansion tank. 


Over tlow 


- Yoneywels 
Generator 


Any excess of mercury above that “required to just fill the tube “A” is returned 
by tube “‘B” to the reservoir in the base. 

When the system cools off, water can flow back down tube “A” as soon as the 
mercury column drops in same, and the slight head of mercury existing at the outlet 
of this tube is easily overcome by the head of water in the expansion tank above. 

The use of a pressure generator permits smaller radiators being used, as it is 
entirely possible to maintain a temperature as high as steam at 5 lbs. gauge. 

Smaller mains and risers can be used with this system the difference between the 
temperature in the flow and return risers becomes greater with the open-tank systems, 
and, therefore, a greater actuating head exists. 

Since a smaller amount of water is required with this arrangement the system 
is more sensitive in warming up and also in cooling off. 


TasLE 1—RELATION BETWEEN Hyprostatic Heap, PressurE AND Bo1Linc Point— 


(DEGS. 
Head, Ft. OO 2 BAe er s7e 40" KGL uey an rkS7. LOO 
Boiling Point Deg. F. 21229227. 239'8 250259) 268) 274281 287 
Press. lbs. sq. in. 0 See tO et Se O ee 25 ees soon ACh 
TABLE 2—SiIzEs oF RisERS FoR HONEYWELL SySTEM. 
Pipe Size Capacity Radiation, Sq. Ft. 
In. Diam. 1st Floor 2nd Floor 3rd Floor 
Ya 30 40 50 
% 75 100 125 
75UP 100UP 125UP 


WATER HEATING, GRAVITY—Closed Tank System. | No. 133-F 
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WATER HEATING, GRAVITY. 
Calculations for Small Systems. 


For small systems it is often unnecessary to go into much 
detail for the sizing of the pipes, a common method being to take 
the valve areas of the valves on the radiator supplies and making 
the size of main equal to the combined areas of all the values sup- 
plied. 


TABLE I 


Elevation, Feet 5 65 | 


| 100 
Size of Pioe | pe 130 150 
and eet vy, k | 205 240 
t E iy ; e 
In. Diam: | 5 | 275 310 
l 300 700 850 


Note—The above table shows the amount of equivalent direct 
radiation (E. D. R.) which can be satisfactorily fed at the eleva- 
tion above the boiler given at the top of each column. “Eleva- 
ion” is taken from center line of boiler to center line of radiator. 
Thus 180 sq. ft. situated 5 ft. above the boiler requires a 1¥%-in. 
pipe but at 55 ft. requires only a 1%-in. pipe. 


’ 


WATER HEATING, GRAVITY—Calculations for Small Systems. No. 133-G 
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WATER HEATING—GRAVITY. 


Cne-Pipe Down-Feed System. 
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‘he accompanying illustration shows a typical arrangement of a strictly one- pipe 
water heating system. ‘This system may be installed in only one-way—a down-fee 
sysiem with an overhead supply main and a bottom return main. ‘The radiators are 
tapped top and bottom, same end, and have both supply and return tappings con- 
nected to the same drop in the manner illustrated. Theoretically the drop should 
be reduced in size between the radiator supply tee and the radiator return tee in 
oider to shunt some of the flow through the radiator; this feature, however, is 
often neglected and the difference in the weight of the water in the radiator and the 
weight of the water in the riser is depended upon to cause a proper circulation in the 
radiator. his difference in weight is caused, of course, by the cooling and contract- 
ing of the water in the radiator as it gives off its heat. 

The chief objection to the use of this system is the constant decrease of 
temperature of the water in the supply drop and in a building of any considerable 
height this reduction of temperature in the supply (due to the dumping of the 
radiator returns back into the same pipe) reaches such a serious amount as to make 
necessary an increase in the surface of the lower radiators to compensate for the 
cooler water which they receive. 

No air valves are necessary as the entire system is vented from the high point 
at the top of the main supply riser from which point a small vent is run up and 
turned over above the expansion tank as shown. 

This system of piping is probably the cheapest of any water heating system, but 
is not as satisfactory as the more scientifically designed two-pipe systems. 
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WATER HEATING—GRAVITY. 


Sizing Mains and Risers for One-Pipe Systems. 


The sizing of the mains on a one-pipe water heating system may be carried 
out along the lines of equivalent pipe sizes according to valve areas (Data Sheet 
No. 133-G) or may be based on the height of the radiators above the boiler. 

In the first place, owing to the small amount of head available between the top 
and bottom radiator connection, the tendency to circulate water into and out of the 
radiator is not great and the full size standard radiator tapping should be utilized 
for the runout and valve, in order to assist this circulation all that is possible. 
This consideration then determines the size of the radiator valve and radiator runout. 

The size of the riser may be developed by taking the equivalent size from the 
following table, although this would best apply on small jobs. The sizes of the 
mains can then be developed from the risers by the same means. 


TABLE I--EQUIVALENT PIPES 


Nomina. Sizes of Pipes 1N INCHES. EQuivALENT SizEs oF Pipes IN DECIMALS. 


Y % 1 1% 1% 2 2% 3 3% 4 5 6 8 
1.00 2.27 4.88 10.00 15.8 31.7 52.9 96.9 140 205 377 620 1292 
1,00 2.05 4.30 6.97 14.0 23.3 42.5 65 90 166 273 569 
FOO 2.25 93/45 °96.82' 11.4 20.9 30 44 81 133 278 

L200 4250 2:70 5.25 9.1 12 19 32 68 110 

1.00 L260 9.3.34) "6.13 9 13 23 39 82 

1:00. 71-672 3:06 4.5 6.5 11.9 19.6 40 

1200) 1382 2.70 3.87 (lem Lees 24 
1.00 1.50 2.12 3.89 6.39 13.3 
1.00 1.25 2.50 4.25 9.0 
1.00 1.84 3.02 6.3 
1.00 1.65 3.4 

1.00 2.1 
1.0 


Example—Assume six risers each with three radiators; top radiator 100 sq. ft., 
middie radiator 70 sq. ft., bottom radiators 40 sq. ft., to determine pipe sizes of 
valves, radiator runouts, drops, and main at boiler. 

AS this is a one-pipe system all radiator runouts and valves will be full size of 
standard tappings or as follows: 


Size of Radiator. Std. Tapping. Size of Valve. Size of Runout 
Sq. Ft. Inches Diam. Inches Diam. Inches. Diam. 
100 1y% 1% 1% 
70 1% 14% 1% 
40 1 1 1 


Size of riser from Table I will be equivalent to % pipes for 
1—1% in. = (%4-in. pipes) 15.8 


=t 15.8 = 
1—1} VY inva 1k 46:0 (iZ- -in. pipes) = 10.0 
Ii—lin. =! 4.88 (Y%-in. pipes) = 4.88 


30.68 (%-in. pipes) 
30.68 (%-in. pipes) = 2 in. drop. 
Six risers equal to 30.68 (%-in. pipes) each = 184.08 
184.08 (%-in. pipes) = 4-in. main at boiler. 


(Concluded. on Data Sheet No. 133-J) 
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WATER .HEATING—GRAVITY. 
Sizing Mains and Risers for One-Pipe Systems. 
(Concluded from Data Sheet No. 133-1.) 


Drops and mains may also be sized by means of the use of factors, as given in the 
following table: 


EQUIVALENT PIPE FACTORS. 
NomiInaL S1z— oF PIPE Factor 
Inches Diam. 


Taking the same problem 

1—1¥% in. = 1 X 30 (factor) 

1—1Y4% in. = 1 X 20 (factor) 

1—lin. =1 X 10 (factor) 

60 (factor) = 2 in. riser. 

Six risers each with a factor 

6 X 60 (factor) = 360 (factor) = au in. main at boiler. 

This checks with the sizes already found. 

As a matter of fact, however, the circulation in the riser is governed by the 
height of riser, and the temperature of the water therein, and not by the size of the 
radiator runouts. Therefore, the radiators exercise no influence on the circulation 
in the riser excepting that they cool the water to produce the circulation. If these 
radiators were all situated, say. 80 ft. above the boiler, the riser could be sized 
from Table I on Data Sheet No. 133-G, from which it ‘will be seen that 210 sq. ft. 
(total radiator uele ey situated 80 ft. above the boiler level will require only a 1%-in. 
riser, instead of a 2-in. as was indicated by the use of the radiator tappings. Cieing 
to the top radiator having a 1%4-in. connection the drop would probably be made 
1-in. anyway. 

Now suppose the top radiator of 100 sq. ft. to be located 80 ft. above the 
boiler, the 70 sq. ft., as 20 ft. above the boiler and the 40 sq. ft. as 10 ft. above the 
boiler. In this case the circulation will be determined by the average temperature of 
the riser and this can easily be found by determining an equivalent elevation upon 
which all the radiation could be placed and produce the same effect. 

The average distance that all the radiation is above the boiler is found by the 


formula 
(aX fa) Cb X fb) (eX fe) (dX Fd)iete: 
a+b+c+ detec. 


in which a, b, ¢, d, etc., are the square feet of radiator surface and fa, ba, ca, da, ete., 
are the respective vertical distances above the boiler in feet. 
In the particular case in question 


a = 100 sq. ft. af = 80 ft. 
b= 70 sq. ft. bf =='20' ft. 
c= 40sq ft eh = 10 ft: 
(100 X 80) + (70 K 20) + (40 X 10) 
100 + 70 + 40 
8000 + 1400 + 400 


210 


Substituting 


9800 : 
—— = 46 ft. equivalent distance of all radiation above boiler. 


210 
According to the same Table I (Data Sheet No. 133-G) this will require a 1%-in. 


riser. 


No. 133-J 


ith } f ? } ie Ale ‘ ins 
dene alam aetna etn i oben elt! 
’ We i Metal tel Cie ty ‘ 
i ay ( {iv 
i Bale f 


= = 


ery 
e 
~ 


J alder ore) rp 
; 


ee a coal 


AE ae 
i if nediaesvusiianp soho dbuldtewts 
. at 


Ponce eRe: 


‘i a 
a ee aia | 
“ } ae C (cig ea 
4 a ee F 
) ' 
é 5 ; if 
‘ it eure ey 
t i { h 
k i i 
} ‘ ; Psi tat Ge Cas 1) a) RA Be 
i { Vi ie Ss ea 
‘ te 
i i. ‘ M oh ¥ , 


: : "\ f i } 
J ‘ 4 ri 
4 % tA . 
{ i 
. ; ‘ ; 
H ; oy 
an 
i ; j 
} 
' vt 
Pt \ x . 
H ut A } Hes r F an! 
i t ‘ it 
tf y i ; % > 
i OM ea : ! ae p Ley 
pt ; f fi a 
a » Ul » ’ 1 
\ } Als aso hae oa ; 4 
| } bY be; 

AY i ¢ * 
( te set ; 4 ¢ } vif ait 
? iy By eh PA j 
} De iets et vai 
i } Ae i beets M4 Pa ' 
f 5 Ore es ty} ‘ ; i 
‘ ) | hr ) 
i : ia) wait t 1 Int . Lwdtityiores ‘ | 
\ : ay 
t h TON ene ty lee 
t j (ee 
a yi M 
f i) Pri ens 
f x U elie ; ery 7S 


af et 
avi 


PLB Ty tS 
cleat 


i 


r= ee 


THE HEATING AND VENTILATING MAGAZINE—1123 BROADWAY, N. Y. CITY 


x 


WATER HEATING—GRAVITY. 


Capacity of Risers. 


Owing to the fact that radiators are often situated at h..crmediate 
points up the riser, it is self-evident that there will be a greater tendency 
to circulate to the upper radiators than to the lower, owing to the in- 
creased head due to the additional height, giving a greater velocity in the 
high risers. Where all the radiation is located at the top of the riser, 
and the riser is one size all the way, the problem is comparatively simple, 
but where radiators are fed at each and every floor, the lower radiators 
must be cared for in some manner to insure their receiving the proper 
circulation in spite of their lower elevation, 

Assume six radiators of 100 sq. ft. each set one over the other on 
each floor of six stories, 10 ft. apart, and assume the vertical distance 
from top radiator to boiler to be about 65 ft. To size the supply pipe for 
such a condition refer to Table I (Data Sheet No. 133-G) and obtain the 
proper size of valve and branch supply for each radiator according to its 
elevation. The schedule is as follows if the factors given in Data Sheet 
No. 133-J are used to equate the pipe sizes: 


Size of Size of 
Floor Size,Sq. Ft. Elevation Valve,In. Factor Sumof _ Riser, In. 
Feet Diam. Factors Diam. 


Sixth 100 65 A 5 5 Y 


Fifth 100 55 1 10 15 1% 
Fourth 100 45 1 10 25 1% 
Third 100 35 1 10 35 2 
Second 100 25 1% 20 55 2 
First 100 15 1% 20 75 2y4" 
Base Boiler 0 none a a — — 


This allows each radiator to be treated as a separate proposition and 
to be handled entirely on the basis of its size and elevation above the 
boiler, this treatment being carried back through the riser and the mains 
by means of the pipe equations used to size the risers and mains. 


WATER HEATING, GRAVITY—Capacity of Risers 
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WATER HEATING—GRAVITY. 


Two-Pipe Circuit System, 


LU/SseCK.S 


lead. 


FIG. 1 it 


Occasionally a water heating system is found employin two-pipe up-feed 
riser system, with a single pipe circuit main at the bottom. fhe id idea is somewhat 
similar to that employed in the one-pipe system described in Standard Data Sheet 
No. 133-C, but as the basement main is horizontal, the friction in the main is 
depended upon to assist the circulation into the supply riser. Fig. 1 illustrates a 
typical circuit main of this character, and it will be noted that the supply risers 
are always branched from the main at point as near the boiler inlet as possible. 
The return drop, however, is connected back into the same main at a point as far 

m away from the supply connection as possible. The friction in the pipe existing be- 
tween the branching of the supply and the connecting in of the return causes a 
slightly greater pressure to exist at the point of the supply branch than exists at 
the point of the return coming back into the main and the farther apart these con- 
nections are made the greater this difference in pressure will be and the greater will 

8 be the tendency to circulate the water through the radiators, 

M In the circuit main it is usually customary to size the main to carry the 
total load and to maintain this size undiminished throughout, although theoretically § 
and practically it can be reduced between the supply and return connections, on § 
account of some of the water being shunted through the radiators. 

This main should be graded up from the boiler outlet to the last riser con- 
nection and then down to the boiler return inlet or may be carried to a high 
point directly over the boiler (this high point being vented by a supply branch 
being connected thereto) and then pitched down constantly and continuously from 
this high point to the return connection a the boiler. ty 

With systems of small size a circuit main may give reasonable satisfaction, but 
where larger installations are contemplated some other scheme must be adopted if 
satisfactory operation is expected. 


WATER HEATING, GRAVITY—Two-Pipe Circuit System. i No. 133-L 
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WATER HEATING—GRAVITY. 
Expansion Tanks. 


All water heating systems should have an expansion tank, the only exceptions 
being where systems are fed from a house tank or street main and are under direct 
pressure at all times without a valve in feed-water line so that this line can act as 
an expansion pipe, the water expanding back into the tank or main as the case 
may be. Such conditions exist in installations where radiators are connected to the 
hot water service supplying hot water to the plumbing fixtures. 

The expansion tank should be large enough to contain all the excess water due 
to expansion plus about 50%. For ordinary small systems many manufacturers rate 
their expansion tanks in square feet of radiation, a typical list being given in Data 
Sheet No. 133-B. 

For large systems the quantity of expansion should be calculated. This can 
be approximated by allowing one pint of water as contained in each square foot 
of radiator surface, add 25% for the water in the piping (or calculate the exact 
quantity in the piping if the system is designed and all lines sized) and add 
one pint for each square foot of heating surface in the boiler or boilers. 

Example: Compute size of expansion tank for 14,000 sq. ft. of surface with 
two boilers, each rated at 10,000 sq. ft. 


Solution: 


14,000 sq. ft. @ 1 pint = 14,000 pints = 1750 gal. 
6 for piping Sst 5O/Agal. ==) 437 Sepals. 
Two 10,000 ft. boilers = 
20,000 xX 150 1000 
= == O0RHs P: 
33,000 11 
90 X 10 sq. ft. = 900 sq. ft. and 
POE Ute cveay\ers-ere sree erere = 900/8 == 112.5) gal) 
2300 gal. 


Assuming system filled with water at 50° F. and that it may be heated to 
220° gives a temperature rise of 220 —50 — 170° for expansion of water. From tables 
giving the properties of water we find that, if the volume at 39.1° is taken as 1, 
at 50° the volume is increased to 1.00025 and at 212° to 1.04332, making the net 
increase in volume 1.04332 — 1.00025, or 0.04307 and 0.04307 + 1.00025 = 4 3/10%, 
or say, 5%. 

Then if the total volume is 2300 gal. the expansion in heating from 50° F. to 
212° F. will be approximately 5% of 2300 or 115 gal. Adding 50% to obtain the ex- 
pansion tank capacity gives 


Haenansion oof | Waterss tetas 5 tacees 115 gal. 
SOG Ob VES see ele ricievcta site's sia eleiele sia 57 gal. 
PL Gtalis\cre cchictetta te 172 gal. 


This is at the rate of 172/14 cr 12 gal. per 1000 sq. ft. of radiation. 
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WATER HEATING—GRAVITY. 
Details. 
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In all one-pipe gravity water heating systems the radiator connections are 
practically the same; these connections are usually made top-and-bottom, same 
end as shown in Fig. 1; the valve should be a gate valve with a % in. hole drilled 
through the gate to prevent freezing. 

In Fig. 2 the connections are shown with the addition of a control valve on 
the return to control the circulation through the radiator. The danger in such 
systems, however, consists of the liability of the radiator not getting enough water 
(due to the full size by-pass which the main drop provides) rather than a liability 
of the radiator getting too much. 

Even with the mains and risers sized by the methods shown the tendency 
is for the hottest water to seek the top radiators making it necessary to use 
various expedients to control the flow and to induce a proper circulation in the 
lower radiators. Of course, all devices to control hot water circulation consist 
of introducing additional resistance in the lines at points where the circulation 
has become excessive and resulting in preventing other parts of the system having 
greater resistance (or less favored positions) getting a good circulation. 

These methods of control may be divided into 

(a) Special fittings 

(b) Special pipe connections 


(c) Special control valves. sweets Dpper Fads. 


FIG. 3 

A special fitting designed for just 
such conditions is shown in Fig. 3, 
the idea of this fitting being to induce 
a flow into the radiator, at the level 
where the fitting is located in  prefer- 
ence to flowing up the riser to the higher FIG. 4 
points. i 

Pipe connections to produce the same results even more positively are shown 
in Fig. 4 where the hot water in rising to the top of the pipe is left only one 
place to go (into the radiator) while the supply for other radiators above is taken 
from the side of the riser lower down as shown; these, connections are repeated 
at each of the lower radiator connections, but need not be put in on the upper 
levels as these radiators: do not need favoring. 


WATER HEATING, GRAVITY—Details. gE No. 133-N 
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WATER HEATING—GRAVITY 
N Details (Cont'd). 


FIG, 6 Fe 


Similar results are obtained in the horizontal mains where the risers are § 
branched off as shown in A, B and C in-Fig. 5, Detail C being used for about & 
one-third of the risers nearest to the boiler (which would otherwise obtain the hot- § 
test water and the best circulation), Detail B being used for about one-third of the 

H risers, these being located about midway between the boiler and the end of the 
main, and Detail A for the last third of the risers at the far end of the system. 

Special control valves are by far the most satisfactory of all methods of con- 
trolling the circulation as they may be set in any graduated degree desired or leit 
open entirely if the circulation is satisfactory. It is indeed a question (when the § 
extra cost of special fittings or special pipe connections is considered) if the con- 
trol valve is not very nearly as cheap as any other method of control—certainly F 
its results are much superior. A gravity water heating system without control 
valves is much like a ventilating system without volume dampers. 

4 If key-operated valves are placed on the return connection of each radiator, 

f as shown in Fig. 6 and the rest of the piping is designed with proper pitch and 

Mm so as to avoid air pockets no further precautions need be taken, for all that & 
is necessary to do is to begin at the hottest radiators and gradually close the 
return valve until the resistance to the flow of water through them is sufficient to 
induce a circulation in the other radiators not receiving their full quota. After 
once adjusting the system in this manner the return valves can remain set perma- 
nently and the radiators controlled by the supply valves. 

All radiator valves for hot water should have a %-in. hole drilied in them so 
that the circulation in the radiator will never be entirely stopped even when the 
radiator is closed off. This will prevent damage by freezing under any ordinary 
conditions. 
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WATER HEATING 
Figuring Friction Heads 


In the accompanying diagrams, which are based on tests made by Professor 
F. E. Giesecke, head of the Division of Engineering Research, University of Texas, 
and which allow for increase of friction due to age, the sloping lines represent the 
nominal diameter of the pipe in inches and the sloping dotted lines represent the 
velocity of the water in inches per second (not in feet, as might be supposed). 

To understand the use of these charts, note from Data Sheet 133-Q that when 
200 gal. per minute flow through a 6-in. pipe, the friction-head is 4/100 in. per 
foot of pipe and the velocity of the water between 24 in. and 36 in. per second; 
also that for 30 gal. and a 2!%4-in. pipe the friction-head is 1/10 in. per feet of 
pipe and the.velocity slightly less than 24 in. per second. 

From Data Sheet No. 133-R, when 200 gal. of water per minute are flowing. 
through a 6-in. pipe, the velocity of the water is between 24 in. and 36 in. per 
second, and the friction-head is about 6/100 in. of water column for each elbow; 
also for 30 gal. and a 2!4-in.-pipe, the friction-head is about 53/100 in, per 
elbow, and the velocity slightly less than 24 in. per second. 


PRACTICAL APPLICATIONS 


Example 1. What pressure-head must be maintained by the pump shown if 
10 gal. per minute flow through a 1-in. pipe 142 ft. long and containing seven 
elbows? 


Pump BON 


: 4 


We find from Data Sheet 133-Q that for 10 gal. per minute flowing through a 
l-in. pipe, the velocity is practically 44 in. per second and the friction-head per 
foot of pipe is 1.05 in., and from Data Sheet 133-R that the friction-head per 
elbow is practically 2.8 in. 

It should be noted here that the velocities shown in Data Sheet 133-R are not 
those in the elbow but those in the pipe which the elbow fits. 

The total friction-head is, therefore, 

142 x 1.05 = 149.2 for the pipe 
7x28 = 19.6 for the elbow 
Total 168.8 in. of water column. 
4x4 
The velocity head is ————— = 0.25 feet or 3 in. 
64.4 

Therefore, the pump must maintain a pressure-head of 169-+3=—=172 in,, or 
14.3 ft. of water column, or 6.2 Ibs. per square inch: The water will be thrown 
about 3 in. into the air if it isdischarged from the open end of the 1-in. pipe. 


ANOTHER EXAMPLE 


Example 2. What pressure must be maintained by the pump in the system 
described in Example 1 if 12% gal. of water flow through the pipe and if an open 
globe valve is added to the line? 

Note that the friction in an open globe valve is approximately equal to that 
in twelve elbows and proceed exactly as in Example 1. The velocity is about 
4.5 ft. per second and, therefore, the velocity-head is 4 in. The friction-head is 
about 1.6 in. per foot of pipe and 4.3 in. per elbow. The total friction-head | is 
142 x 16+419 x 4.3== 25.8 ft. and the total pressure-head is 26.1 ft. 


(Continued on Data Sheet No. 133-Q) 


WATER HEATING—Figuring Friction Heads. 
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WATER HEATING 
Figuring Friction Heads 
(Continued from Data Sheet No. 133-P) 
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(Concluded on Data Sheet No. 133-R) 


WATER HEATING—Charts for Figuring Friction Heads. 
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WATER HEATING 
Figuring Friction Heads 
(Concluded from Data Sheet No. 133-R) 
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WATER HEATING—Charts for Figuring Friction Heads. 
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FANS. ¢ 
Definitions. 


Blower:—A centrifugal blower 1s a cased fan wheel having two inlets for the 
admission of air, One on either side and each concentric with the shaft. 


Exhauster:—An exhauster is of much the same construction as a blower, but 
has only one inlet, and that usually in the side farthest from the pulley; engine, 
turbine or motor. 


Overhung Wheel Fan:—An overhung wheel fan is one where the wheel is 
overhung upon the shaft; that is, where both of the bearings supporting the 
shaft are on one side of the wheel. ‘This is usually arranged so that the pulley 
runs between the two bearings, and the shaft is extended through the fan cas- 
ing to take the wheel. Exhausters are nearly always of the overhung wheel 
type, except in the larger sizes. 

Overhung Pulley Fan:—An overhung puiley fan is one in which there is a 
b<aring on either side of the fan wheel. The shaft being extended through 
one of the bearings to take the pulley, which is overhung upon it. Blowers 
and large exhausters are usually of the overhung pulley type. 
Lischaryge:—The discharge of a blower or exhauster is designated by the 
direction in which the air is delivered from the casing; as for instance, bottom 
horizontal discharge or upblast discharge. 

Hand:—The hand of a fan is that which designates upon which side of the 
casing the pulley or other driving apparatus is located, when one is facing the 
outlct of the fan. Some manufacturers designate a right-hand fan as 
one having the pulley, engine, turbine or motor on the right as 
one faces the outlet, and a left-hand fan is one having the pulley 
engire., turbine or motor on the left as one faces the outlet. An 
éxception to the above occurs’ when the pulley, engine, turbine or motor 1s 
placed in the inlct of a single-inlet fan. in which case the housing 
it ef may be Icft hand, and yet the pulley, engine, turbine or motor 
may be on the right. In such cases, which are very infrcquent, and 
usually impracticable, full explanation should be given to avo:d con- 
fusion. 

With up or down angular discharge, also, the hand is determined by the 
location of the motor, turbine, pulley or engine, when the observer stands at 
the discarge end of the fan. 

Other manufacturers determine the hand as follows: Standing 
on the driving side, looking parallel with the shaft, if the discharge 
is on the right-hand side of the shaft it is a right-hand fan, if on the 
left it is a left-hand fan. 

This method has the advantage of avoiding any confusion, such 
as is possible by the first-named method, regardless of the angularity 
of the discharge, or whether it is up or down. Neither is there 
any confusion whether the motive power is on the inlet side or the 
opposite side of the fan. 

Full Houstng Fasts:—A fan with full housing has a complete scro | or casing 
Three-fourths and Seven-eighths Housing Fans:—When the lower portion of 
the scroll is dispensed with, and the fan is located-upon a foundation which 


serves the purpose of a lower part of the casing, the fan is called three-fourths 
fan, in the steel plate tvpe, and seven-eighths housing fan in the multiblade type 


i FANS—General. 
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Hand and Discharge of Fans 
Standard Types for Belt Drive—Overhung Pulley. 
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BELTING. 


In Europe cog-wheels are used to transmit power almost éxclusively; but 
in America 99% of the power transmitted is by belting. Cogwheel trans- 
mission is positive, belting is not, because with every revolution of a pulley a 
portion of the power is lost; the loss varies with the condition of the belt, 
change of load, state of the atmosphere, etc. The power of a belt to transmit 
motion is derived from the friction hold on the pulley; this is governed by the 
pressure or tension; a safe maximum working tension is about 45 Ibs. per inch 
im width. 

No dogmatic rule can be laid down to determine the efficiency of a belt. 
After a series of numerous experiments, Joshua Rose (“Modern Machine 
Shop Practice”) states that belts vary from 25% to 100% in efficiency, for 
reasons given above. 

A long belt wil transmit more power than a short one, of same width and 
tension. Consequently long belts are always the best if it is possible to use 
them. A 1-in. belt traveling 800 ft. per minute and with proper tension will 
transmit 1 horse-power. If the same belt travels 1,600 ft., the power will be 
doubled. Each additional inch to the width will add 1 H.P., at the same 
speed and tension. 

A belt under good conditions will deliver 97% of its efficiency. If the 
belts are too tight there will be quite a loss from friction of the journals, etc. ; 
if too loose, there wili be still more loss by slipping. Excessive slipping also 
dries out the leather and reduces the adhesion. Within reasonable limits the 
greater the speed the more efficient a belt will be. About 3,750 ft. per minute 
seems to be the maximum. A double belt will last longer than a single one, 
will take doubie the tension, and will transmit 1.7 times as much power, as 
capacity to transmit power is governed by the frictional width of belt and its 
pulling strength. Belts should be used with the hair side to the pulley. If 
pulleys are covered with leather, there will be a gain of 25% in wear of belt 
and in power transmitted. 

It is best to have the belts run off from the main shaft in opposite direc- 
tions to equalize the strain on the bearings. Let the diameter of the pulleys 
be as large as possible within the maximum belt speed (3,750 ft. per minute) ; 
a belt should never be overworked, and the tension such as will give a slight 
sag when in motion. 

The per cent. of power lost by shaft journal friction should not cxceed 
20% of the full load; if it does it may be charged to tight belting. The break- 
ing strength of good leather belting per inch in width in the soiid leather, 675 
Ibs. ; at rivet holes, 362 Ibs.; at lacing holes, 200 Ibs. It will be seen, therefore, 
that belts would be far more durable if lacing could be done away with, as 
is being done in some establishments, the ends of belts being iapped and 
cemented, thus making the joints as strong as the body of the belt. 


DRIVES, BELT—Power Transmitted. ‘ No. 168-A. 
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BELTING. 


To find the length of belt wanted: Rule 1. Add the diameter 

f of both pulleys together, divide by 2, and multiply quotient by 

31/8; add this product to twice the distance in inches between | 

the center of shafts, and the final sum will be the length required. 

Example. Diameter of large pulley 24 in.+ 12, (diameter of 

small pulley) = 36 +2= 18 x 31/4=581/2 & 216 (twice dis- 
tance between shafts) ==2741/2 in. length required. 


t To find width of belt required for a given horse-power: Rule § 
; 2. Multiply the horse-power by the constant 2,750, then multiply } 
w the diameter of driven pulley by the number of revolutions and § 

ij divide the first product by the latter. The quotient will be the { 
! width of belt required. Example 2. Horse-power 28 con- § 
fh stant 2,750—77,000; diameter of pulley 36-in. X revolutions § 
# 200 =7,200; 77,000 ~ 7,200 = 10 in., width required. 


To find the horse-power which a belt will transmit. Rule | 
@ 3. Multiply the width of belt by diameter of driven pulley in | 
H inches. Multiply this product by revolutions of pulley per min- 
# ute, then divide final product by constant 2,750. The quotient | 
will be the horse-power. Example 3. Belt 10 in. &% 36 (diameter | 
f of pulley) = 360 200 revolutions == 72,000 + 2,750 constant = | 
| 26.5 H. P. required. 


The horse-power and width of belt given, to find the diameter § 
of driven pulley required. Rule 4. Multiply the horse-power by | 
constant 2,750, now multiply revolutions of pulley by the width } 
) of belt, then divide the first product by the latter. The quotient 
@ will be the diameter wanted. Example 4. Horse-power 28 & 
f 2.750 = 77,000; revolutions 200 x 10==2,000; 77,000 + 2,000—= § 
} 385 diameter wanted. 


The horse-power, diameter of pulley and width of belt given, 
to find the number of revolutions of driven pulley. Rule 5. | 
Multiply the horse-power by 2,750, now multiply the diameter | 
of pulley by the width of belt, and then divide the first prod- § 
uct by the latter. Example 5. Horse-power 28 & 2,750 =77,- 
# 000; diameter 36 10 width = 360; 77,000 + 360 = 211.4 revolu- 
j tions wanted. 
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BELTING. 
Table of Belt Contacts. 


Constant. 


Contact 
of Circumference 


Degrees of 
Fraction of 
Decimal Fraction 
Single Belt 
Double Belt 


1/ 
5/ 
1/ 


bose 
wOep 


HUET APTLY 


For all practical purposes, the arc of contact of belt on 
smaller pulley can be roughly estimated by comparison with figures 
in first column in table above. For example, take the arc of 
contact 150° and compare it with your belt. If it agrees approxi- 
mately, then taking Rule 3 we have Example 3 (Standard Data 
Sheet No. 168-B, modified as follows: Belt 10 * 36== 360 X 200 
=72,000. By new constant 3,410 21.1 H. P., or a loss of 5.4 
H. P. as compared with full contact or half circumference in 
Example 3. 


To find length of belt when closely rolled. Add the diameter 
of the roll in inches to the diameter of the eye, multiply this by 
the number of turns. This result multiplied by the decimal, 
0.1309 will give the length of roll in feet. 


| DRIVES, BELT—Arc of Contact. No. 168-C. 
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RULES FOR FINDING SPEED AND SIZE OF PULLEYS. § 


To find the size of driving pulley, multiply the diameter of 
driven by revolutions it should make, and divide the product by 
revolutions of driver. 

Example 1: Diameter of driven pulley 12 in., revolutions, 240; 
revolutions of driver, 160; then 12 X 240—2,880 ~ 160 = 18, 
diameter of driver. wanted. 

To find the size of driven pulley, multiply diameter of driver 
by its revolutions, and divide the product by revolutions of 
driven, 

Example 2: Diameter of driver pulley, 18; revolutions, 160; | 
revolutions of driven, 240, then 18 « 160 = 2,880 ~ 240=— 12, 
diameter of driven wanted. 

To find the number of revolutions of driven pulley, multiply 
diameter of driver by its revolutions, and divide product by diam- 
eter of driven. 

Example 3: Diameter of driver pulley, 18 in.; revolutions, 
160; diameter of driven, 12 in.; then, 18 * 160 = 2,880 + 12= 
240, revolutions of driven wanted. 

To find the horse-power of a driving pulley, multiply the cir- 
cumference of pulley by the revolutions, and this product by 
width of belt, and divide final product by 600. 

Example 4: Circumference of pulley, 56.55 in.; revolutions, § 
160; width of belt, 6 in.; then 56.55 & 160 = 9048 « 6 = 54,288 
- 600 = 9.04, horse-power ot pulley wanted. 

The above rules assume that the driving and driven pulleys 
are of equal diameter and the contact of belt half the circum- 
ference. If pulleys are of different diameter and contact of belt 
is less than half of circumference; then the rules must be modi- 
fied as per tables of areas of contact (See Standard Data Sheet 
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Perea e Oe ciid! Galvanized: ron’ Pipe and Elbows 


OF THE PROPER GAUGES FOR BLAST-PIPE SYSTEMS 


| 
Diameter A Weight per Actual Diameter Weight per Actual 
a Pipe Gauge of Running Foot] Weight of of Pipe Gauge of Running Foot Weight of 
in Inches i i 


Tron in Pounds Full Elbow in nches An in Pounds Full Elbow 


° 
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179.8 
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189. 
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258. 
270. 
283. 
296. 
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135. 
144. 
152. 
161. 
170 
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‘Lhe weights as given include the weight uf rivets and solder, and due allowance 
has been made for laps and trimmings. ‘The elbows have the internal radius 
equal to the diamter of the pipe. Rectangular pipes are usually made of the sanie 
gauge as round pipes of equivalent area. 

Note—Square pipes will weigh about 27 per cent more than round pipes whose 
diameter is the same as the side of the square pipe. (From B. F. Sturtevant Co.) 


| EXHAUSTER SYSTEMS--WEIGHT OF SHEET METAL PIPES [J No. 169-E 
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FOR REDUCING THE WEIGHT OF GALVANIZED IRON PIPE 
OF ONE GAUGE TO THAT OF ANOTHER GAUGE © 


GAUGE AND WEIGHT IN POUNDS PER SQUARE FOOT. 
§ 12 19 | 14 | 15 | 16 | 17 | 1e | 10 | 20 a1 | 22| 23 | 24 | 25 | 26 | 27 | 20 
oO a 


2.97 | 2.66] 2.41 | 2:16] 3.90} 1.66] 1.53] 1.41] 1.28] 1.16] 103] og 


—- oe 
© 0 


20 
21 
22 
23 
24 


The table above serves for the estimation of weights of pipe of 
gauges other than ‘those given on Standard Data Sheet No. 169-F 
Thus, suppose it is desired to find the weight of 28-in. pipe made of 
No. 16 gauge. From the 169-E table, pipe’ of this size made of No. 20 
gauge weighs 13.4 lbs. per running foot, By the table above, the figure 
found at the junction of the column headed 16 and the line designated 
20 is. 1.60; therefore, the weight per foot of No. 16 gauge is 
13.4 x 1.60 = 21.44 Ibs. 

(From B. F. Sturtevant Co.) 


“EXHAUSTER SYSTEMS—FACTORS TO CHANGE GAUGE 
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CHEMISTRY LABORATORIES. 


One of the hardest places to ventilate is the chemistry lab- 
oratory and probably more money has been spent in unsuccessful 
efforts in this line than in any other one direction. In the first 
place, chemistry ventilation is a most important and essential item 
and in the second place the persons delving into its mysteries 
usually belong to a well-educated and more or less scientific class 
who know and appreciate the requirements of good ventilation. 

Chemistry ventilation may well be divided into two parts (a) 
the room itself and (b) the hoods or cases where the experiments 
are made. In the ordinary use of the room no unusual feature 
is encountered and its air supply for this purpose may be based 
on six to eight air changes or 30 cu. ft. per person. 

‘lo remove the fumes from the glass cases in which the ex- 
periments are sometimes made is a more difficult proposition. 
The case door may be up one inch, one foot 
or four feet; the fumes may be lighter than the 
air and rise rapidly or they may be heavier than 
air and roll over the front of the counter and 
out into the room past the experimenter. 

Cases used for such work are ordinarily 
24-in. wide, 24-in. deep and about 60-in. high; 
on the top of the case a 24-in. x 24-in. hood is 
# placed, usually with a 3-in. diameter pipe 
| ; through which the air is exhausted from the 

case. According to the manufacturers, the air 
should be exhausted “two or three times a 
minute” from such hoods which makes the 
quantity of air 40 to 60 c. f. m. per case. This 
is not enough and may well be doubled. Even 
then, unless a pipe is run down to the counter 
level, as shown in Fig. 1, to catch the heavy 
fumes the results will be less than desired. 

For the little individual hoods supported on goose necks 
for each pupil, these are exceedingly hard to do anything with 
owing to the large number usually installed where they are used. 
It is usual to allow 20 c. f. m. per hood and 1 1/8-in. static pres- 
sure for the exhaust fan. It is impossible to secure good results 
with the individual hood systems, due to the fact that the gases 
heavier than air are not caught. 

No chemical exhaust should have steel or iron pipe owing to 
the corrosive action of the fumes; copper pipe is used with some 
success, but tile pipe is much better. The exhaust fan should 
have a cast-iron case painted with asphaltum and a monel metal 
impeller and shaft. The supply air should be increased until it is 
about 80% of the amount exhausted. 


Tolih Fore 


L LABORATORIES—Exhaus: Ventilation. 
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STEAM LAUNDRY EQUIPMENT. 
General. 


Steam laundry equipment is, to a great extent, special in design, and is built by 
manufacturers from their own patents and experience. In general features, however, 
steam laundries possess a considerable similarity of equipment to perform the necessary 
operations in prder to properly wash, dry and iron the various articles of clothing 
which they are required to handle. All steam laundries employ steam to a considerable 
extent in their operations, hence the name—steam laundries—although this title does 
not necessarily mean that the power is supplied through a steam engine. In iact, a 
great many of the more modern laundries use motor-driven machines entirely. 

The most important requisite in the design of a laundry is the obtaining of the 
number of pounds of steam required per hour for the operation of the equipment, the | 
steam requirements usually consisting of the following: for running steam engine 
(if an engine is used), for drying (if a dry room is installed), for heating the mangles, 
for heating water and sometimes for warming various parts of the building, as well 
as for smaller connections to other apparatus. 

If a building possesses a high-pressure boiler plant, no separate steam boiler is 
required for the laundry, but, on the other hand, if a building has only a low-pressure 
heating system, or for any other reason has no high-pressure steam, then a special steam 
boiler for laundry uses must be employed. In laundries where a steam engine is used 
to furnish power, it has generally been found ‘that a steam drive is much more economical 
than an electric drive, owing to the fact that the exhaust from the engine may be 
utilized in the coils in the dryer, to heat the water, and also to provide steam for any 
radiation that may be desired. On the other hand, the space occupied by the engine, 
together with the belt, shafting, etc., may render the arrangement of the laundry less 
convenient than where individual motor drive is used. 

EncinE—If an engine is to be installed a moderate-priced slide-valve type is usually 
selected, this class of engine commonly requiring about 40 lbs. of steam per horsepower 
per hour, and, on an average, it is safe to figure that 85% of this steam is available 
in the exhaust for any low-pressure heating service which may be desired. Thus it 
can be seen that the installation of the engine would require an additional boiler horse- 
power of only some 15% of the engine steam consumption over what ordinarily would 
be required for heating if the engine were omitted. Thus for a 30 h, p. engine the 
increase in boiler horsepower would be 30 h. p X 40 lbs. X 15% + 30 or about 6 
boiler horsepower. 

Where the exhaust from the engine is used to supply steam in the dryer and water 
heater, an oil separator should be placed in the line and the condensation should be 
returned to the boiler through a lift and direct-return trap or by means of an auto- 
matic return pump. If the calculations show that the engine exhaust is not sufficient 
to supply the dryer, hot water tank and any heating radiation which may be required, 
a pressure-reducing valve should be installed as a make-up from the high-pressure line. 

Dryer Room—The steam required for drying is admitted to pipe coils located in 
the drying room or dryer and the number of square feet of the pipe in the coils times 
an efficiency of 350 B. T. U. per square foot will give the approximate B. T. U. sup- 
plied to the dryer, which amount divided by 250 will give the equivalent direct radiation 
CE... DF R;). 

MancieE—The amount of steam required for the mangle is best obtained from the 
manufacturer, although a safe approximation is given in Table 4 on Standard Data 
Sheet No. 172-C. In order to perform the work satisfactorily it has been found that 
a steam pressure of approximately 60 Ibs. gauge is required to give the proper degree 
of heat to the rolls. 


STEAM LAUNDRIES—General 
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STEAM LAUNDRIES. 
Hot Water Supply. 


The quantity of hot water required per hour is usually based on 1 gal. per hour 
for each piece daily capacity of laundry. ‘Thus, a laundry designed to handle, say, 
1,000 pieces per day should have a hot water supply of 1,000 gal. per hour. This 
quantity should be reduced to pounds by multiplying by 8%. The total B. T. U. per 
hour required will be the number of pounds of water times the temperature rise (which 
rise is usually assumed as 50° to 210° F., or 160° F.). The total number of B. T. U. 
divided by 250 will give the equivalent direct radiation. The tank capacity should be 
about 25% in excess of the demand to prevent excesive cooling of the water, by draw- 
ing off too great a proportion of the contents. 

MuttiI-Coi, Steam Heaters—The coil surface required to heat the amount of 
water necessary may be computed by finding the average temperature of the water 


F (210 — 50) 
passing through the heater —————— or 130° for the temperatures which we have 
2 


assumed, and the temperature difference between the average water temperature (130°) 
and the steam (220°) or 90°. With this temperature difference each square foot of coil 
surface will condense about 14 lbs. of steam per hour and the total coil surface will 
be the total amount of steam it is desirable to condense divided by 14; another safe 
ratio is to install a copper coil with 6 to 7 sq. ft. area for every 100 gal. to be heated 
per hour. 

It is very desirable to have the hot water tank made of copper as iron tanks are 
liable to rust and discolor the clothes, while the heating coils should be of brass pipe 
and brass fittings; one head of the tank should be flanged and bolted so as to permit 
inspection and repairs. 

Automatic temperature regulation should also be provided. These heaters are of 
stock design, and can be purchased from regular manufacturers, being known as the 
multi-tube or multi-coil heaters. 

A few general dimensions for such heaters are given in Table 1. 


TABLE 1. WATER STORAGE HEATERS. 


Storage Capacity Heating Capacity Overall Length Coil Surface 
te: Gals. eer In. I i Sq. Ft. 
1 


Coat Heatrers—In laundries where electric power is used for driving purposes, hot 
water is often heated by a cast-iron sectional heater, the size being based upon the 
burning of 5 Ibs. of coal per hour per square foot of grate surface, and an efficiency of 
8,000 B. T. U. per hour of coal burned. As it takes approximately 1,300 B. T. U. 
to heat one gallon of water from 50° to 210°, 1 sq. ft. of grate must be provided for 
approximately every 30 gal. of water per hour desired to be heated, 


STEAM LAUNDRIES—Hot Water Supply. | No. 172-A 
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STEAM LAUNDRIES, 
Boilers. 


A large part of the heating in the laundry will be done by the radiation from the 
apparatus, dry room, etc., but it is usually also necessary to supply heat to supplement 
this to prevent the frezing of the pipes when the apparatus is not in operation and for 
adjoining rooms, offices, etc. Usually 250 B. T. U. per square foot for cast-iron radi- 
ators and 300 B. T. U. for pipe coils surface may be used for all such heating. The total 
B. T. U. divided by 250 gives the equivalent direct radiation to which 25% should be 
added for piping. 

Borters—The boilers generally used for laundry work are either of the vertical or 
horizontal return tubular type. The small vertical boilers are usually obtainabe in the 
sizes and horsepowers as shown in Table 2. While H. R. T. boilers are obtainable in 
almost any horsepower, a few of the standard sizes from 18 to 50 h. p. are given in 
Table 3; boilers should be of the high-pressure type designed for 100 Ibs. workingpressure. 


TABLE 2—VERTICAL BOILERS. TABLE 3—HORIZONTAL BOILERS, 


Diam of No. 2-in. Length Diamof No. 3-in. 
Shell In. Tubes. Tubes. H. Shell In. Tubes. 
30 45 ft. i 42 
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STEAM LAUNDRIES—Boilers. | No, 172-B 
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STEAM LAUNDRIES, 


Typical Arrangement. 


EXTRACTOR 
LeoreAmM 


BOILER FEED 


HOT WATER 


HEATER 
SOAP é 
KETTLE TRAP 


FREE EXHAUST- ‘BPV 


A typical layout of a small steam laundry is shown in Fig. 1 in which the steam is 
generated in a high-pressure boiler and supplied to the engine and’ mangles at the boiler 
pressure. The low-pressure line is fed by the engine exhaust through an oil separator 
and is cross-connected to the high-pressure line with a pressure-reducing valve and by- 
pass. This exhaust line is also connected to the atmosphere through an atmospheric 
exhaust and back-pressure valve. The high-pressure returns are trapped and discharged 
back to the feed pump, and the low-pressure returns are separately trapped and also 
discharged to the same feed-pump upon which is mounted a vented receiver. 


STEAM LAUNDRIES—Typical Arrangement. 2 No. 172-C " 
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STEAM LAUNDRIES. 
Data for Laundry Apparatus. 


In the absence of definite information from the manufacturer of the special laundry 
machinery to be installed, the following information may be used as covering the 
average requirements likely to be encountered: 


TABLE IV. 
g 
S . a ake 
a 85 8g A. 
= g Steam Connections  Waier Connections Ge 23 28 
APPARATUS. ECR In. Diameter. In. Diameter. g 8 28 ge & 
me SA EA Fa E 
ae ie) re a 3 
oe We A = 
= Tie | 24 He g 
a Sv a" § 
— ise} 
Apparatus Supply Drip Trap Hot Cold Waste 
Washer (24 in.x24 in. and Vp.) 0.20 1/2 —— —— 11/4 11/4 21/2 — — 1 
Washer (single geared) (33 in. x36 in. and 
0.20 1/72 —— ——. 11/2 1172 38 — — 11/2 


K p.) 
ba Washer (double geared) (36 in.x54 in. and 


p.) H 2 2 
Washer (sterilizing) 0.20 1/2 —— —— 11/2 11/2 3 
Sterilizer 1 


Skirt ironing table 3/8 3/8 —— 
Shirt ironing table — — 3/8 3/8 —— 
Ironer (sleeve) —— 1/2 1/2 Serer re SPS, 8) Bin Cro 
Troner (body) — 1/2 1/2 —— —— —— — 3/8 3/8 03 i 
Ironer. flat work (single roll) Ue le YP Se el ie Vi) — Fa Aap \ 
Troner, flat work, (three and five-roll) 3/4 1 3/4 1/2 
Troner, tlat work, (100 in. five-roll) 1-144 1 3/4 ——  — 11/2 
Troner, collar and cuff 11/2 3/4 1/2 38/4 —— —— —— — — 11 
Artedger oo — —— 1— —- 0.3 
Cabinet dry room (See description) 
Conveyor dry room, (two-loop) 4 VA SOE ae 72 ee = 0,75 
Conveyor dry room, (three-loop) 5 8611/4 11/4 11/2 —— —— —_ —_ — 1 
Starcher, (collar and cuff) 0.2 3/8 3/8 —_-_ — 
Dampener, (collar and cuff) —-— — 3/8 —— — — 03 
Dampener (wing point) 0.1 3/8 3/8 —.s ———s ——— ——  —- - — 
Dampener (skinner) 0.1 —_— ——— - — aa 
Dampener (spray) 0.1 3/8 —— —— —— 3/8 3/8 — — —— 
Tumbler 6 11/4 1, ———— —-  ——  — — 
Wash tube (each compartment) 0.05 —— —— 1/2 1/2 11/2 —— — — —— 
Extractor } == — 2 —- — 2 
Soap tank 0.1 1/2 - 3/4 —_- —_ —— 
Bleach tank 0.1 1/2 —— —— — 1/2 ——,— — — 
Shaper (hot tube) 0.2 2/8 3/8 ~ - —_— —- #— 
m Shaper (collar) —-— —_— — 1/4 — —— 
s Moulder (collar) 0.2 3/8 83/8 —— —— —_ — 
Press (bosom) 1 3/420 1/2 — — — 05 
Press (dampening) 0.2 —-— — —_ — ——— 
Press (neckband) 0.3 3/8 3/8 —— —— — —-— 3/8 —— 
Press (cuff) 0.3 3/8 3/8 —— S#s———s — — — —— —— _—s 3/8 —— 
Press (yoke) 0.3 3/8 3/8 —— — 3/8 —— 
Starch cooker 0.1 3/8 3/8 —— —— 3/8 3/8 — 
Hot-water tank ——_—S ee ee ee —_— — 
Coal heater —_— — —— — — —— 
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